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WATER POWER RESOURCES OF CANADA 


The Water Resources Branch, Department of Northern Affairs and 
National Resources, presents its annual review of the water power resources 
of Canada and of their development to the end of 1959, Based upon the 
Branch's water power inventory, resources are summarized and such salient 
features as provincial and territorial distribution, current progress of 
construction, rate of development, and industrial utilization are discussed 
briefly. 


One of the most important factors influencing Canada's economic develope 
ment has been the availability of large quantities of low-cost electric power 
derived from the nation's water power resources, Since early in the present 
eentury water power has increased Canada's productive capacity at a 
remarkable rate. In less than fifty years an economy which was essentially 
agricultural and which produced mainly raw materials for export has changed 
to one increasingly dependent upon industrial operations, This transition, 
eoincident with the growth of water power development, has been accelorating 
in recent years, The close relationship between water power and industry 
in Canada is particularly evident in southern Quebec and Ontario which, 
although lacking in indigenous coal, have become the most highly industrialized 
regions of the country through the use of their large water power resources, 
The Province of British Columbia, which is rieh in potential water power, 
also has been making rapid industrial progress in step with water power 
development, Most of the current power demand in Canada is provided by 
hydro-electric developments and in 1959 the installation of 2,508,800 hp. 
of new hydro-electric capacity established for the second consecutive year 
a Maximum record in the amount of such capacity brought into operation 
during a period of one year, Considerable additional hydro-electric 
capacity is currently under construction for initial operation during the 
next few years. In some areas of the country, however, there is a growing 
tendeney towards increased thermal-electric generation which reflects not 
only a stage of hydro-electric development wherein remaining undeveloped 
sites are becoming more remote from established demand areas but also the 
benefits of resource conservation which may be derived through operation of 
an integrated power system supplied by both hydro-electric and thermal. 
electric plants. 


Copies of this annual bulletin may be obtained free of charge from the 
Direetor, Water Resourees Branch, Department of Northern Affairs and 
National Resourees, Ottawa, 


TOTAL AVAILABLE AND DEVSLOPED WATER POWER 


The following Table I lists by province and territory the total water 
power resources of Canada-and the present total capacity of all water power 
plants in the country, as determined from the records of the Water Resources 
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Branch, The Branch, under agreements with provincial authorities, carries 
out hydrometric investigations on rivers throughout the country and maintains 
eontinuous records of stream flow as accumulated from all sources. The 
estimates of available power are revised as stream-flow records accumulate 
for longer periods and more detailed information on potential power sites 

is obtained; as defined on the following pages, estimates are made on the 
bases of ordinary minimum flow and dependable maximum (ordinary six-months) 
flow, Regarding information on developed water power and power output, close 
liaison is maintained with the Dominion Bureau of Statistics, The totals of 
installed horsepower capacity are based upon the manufacturer's rating of 
each turbine and water wheel, where this information is available. 


TABLE I 


AVAILABLE AND DEVELOPED WATER POWER IN CANADA 


At End of the Year 1959 
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$ Available sontinuous power t Installed 
Province :___at 80% effieiency - hp, : Turbine 
or Territory ¢ At Ordinary : At Ordinary 3 Capacity 
ents Min, Flow + O-Months Flow ot BPs 
1 ; 2 : 3 : 4 
British Columbia 18, 200, 000* 19,400, 000* 3,509,460 
Alberta 911,000 2y453,000 Slegoas 
Saskatehewan 550,000 1,120,000 128,835 
Manitoba 3,492, 000 5,798,000 778,900 
Ontario 5,196,000 7,701,000 7,982,151 
Quebec 10,896,000**  20,445,000** 11,315,407 
New Brunswiek 123,000 334,000 DDL gore 
Nova Seotia 30, 500 177,000 183,168 
Prince Edward Island 500 3,000 1,660 
Newfoundland 1,608,000 3, 264000 370,135 
Yukon Territory 4,678, 000* 4,700 000* 38,190 
Northwest Territories 374, 000 808, 000 13,050 
Canada 15, 359,000* 66, 203,000* 2h5888 5426 


* These figures reflect the effect of possible stream flow regulation 
based on known storage potentials. 


** These figures undoubtedly will be revised substantially with the 
completion of the review of water power resources which the Quebee 
Department of Hydraulic Resources now has under way and in which 
the Water Resourees Branch is co-operating. 


Columns 2 and 3 in the above table do not include the power potential of 
major river diversions that have been investigated but not developed; for 
example, in the province of British Columbia the potential of the Chilko 
River itself has been included, but not the potential of the Chilko-Homathko 
River diversion which some publications quote as 1,000,000 hp. A number of 
other major diversion possibilities exist particularly in British Columbia 
where topographical conditions favour such rearrangements of flow, The 
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addition of the power potential of these major diversions to the available 
power figures given in the precoding tablo moy be nocossary in somo. instaneos 
to reconcile these figures with those obtained from other sources, 


Column 2 lists the estimated continuous power ordinarily available at 
periods of low discharge under existing conditions of river flow; the 
"Ordinary Minimum Flow" is based upon the average of the mean flows for the 
two lowest periods of seven consecutive days in each year covered by the 
period of record, Estimates of dependable maximum power, Column 3, are 
based upon the "Ordinary Six-Months Flow which is the computed dependable 
stream flow usually available for at least six months in the year under 
existing flow conditions, On rivers for which there are no specific discharge 
records, estimates of flow are made from all available pertinent information 
relating to runoff in the area, 


With respect to hydraulic head, the figures of Columns 2 and 3 are 
based upon the actual drop, or feasible concentration of head, which has 
been measured or at least carefully estimated at existing falls, rapids 
and known power sites; no consideration has been given to possible economic 
concentrations of head on rivers and streams of gradual gradient, except at 
those locations where the feasible head has been definitely established by 
field investigations, Many unrecorded power sites exist on rivers and 
streams throughout the country, particularly in the less explored northerly 
districts, but these cannot be included in the tabulation until more detailed 
survey work has been made, Thus, regarding both the total number of sites 
and the possible head at each site, the listed figures of available power 
represent only the minimum veter power possibilities of Canada. 


The figures for installed turbine capacity, listed in Column 4, are 
the totals of plant capacities based upon the manufacturer's rating as 
indicated on the name-plate of each unit. In exceptional instances where, 
subsequent to the initial development, a change in the normal operating head 
has been effected, a rating based on the new normal operating head is used, 
While the maximum economic turbine installation at any power site can be 
determined only by careful consideration of all conditions and circumstances 
pertinent to its individual development, it is usual practice to install 
turbines which have a total capacity in excess of the power equivalent of 
the ordinary six-months flow at the site, This additional capacity may be 
installed for use at peak-load hours, to take advantage of periods of high 
river flow, or to facilitate plant maintenance. In some instances, subsequent 
to initial development, storage dams have been built to provide more uniform 
river flows, In others, deficiencies in power output during periods of low 
flow have been mitigated by interconnection with other hydro-electric plants 
which operate under different load conditions, or which are located on other 
rivers with different flow characteristics; or by auxiliary power from thermal 
plants, 


Depending upon the factors which govern the system of power plant 
operation the extent to which the installed capacity exceeds the power 
equivalent of the ordinary six-months flow varies widely in different areas 
of the country and in some individual developments may amount to as mush 
as several hundred per cent, For this reason the figures in Column 4 are 
not directly comparable with those of Colum 3, From a review of the 
installed capacities at many hydro-electric developments across the country, 


Digitized by the Internet Archive 
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it is estimated that the 66,203,000 hp. of available water power in Canada 
will permit a feasible turbine installation of over 87,000,000 hp, which is 
more than three times the present turbine installation. 


Although extensive use of Canada's water power resources is being made 
at the present time, large potential pover sites have yet to be developed in 
various parts of the country. In some areas, where the more attractive 
sites within economic transmission distances of present centres of population 
already have been developed, the expansion of thermal-electric development is 
necessary to satisfy the increasing power demand, In other areas, reserves 
of accessible power eontinue to meet the prospective power requirements of a 
eonsiderable part of the more densely settled areas; also, improvements in 
the techniques of long-distance transmission, including the use of higher 
voltage, are bringing additional sites within the orbit of existing systems, 
In more remote districts, water power will facilitate the utilization of 
mineral and other resources and promote the establishment of new communities, 
From the viewpoint of moving Canada's frontiers northward, the availability 
of considerable amounts of potential water power in the northern regions of 
the country is a definite advantage, 


PROVING TAL AND TERRITORIAL DISTRIB 
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[ON OF WATER POWER 


Table I on page 2 shows the provincial and territorial distribution of 
Canada's available and developed water power, A review of this table 
illustrates that considerable amounts of water power are being used in al] 
provinces except Prince Edward Island where resources are small, As the 
development of Canada's natural resourecs proceeds, the fortunate incidenee 
of water pover in proximity to mineral deposits, pulpwood, and other natural 
resources becomes more apparent. 


British Columbia, traversed by three distinct mountain ranges and with, 
on the whole, a high rate of precipitation, has many mountain rivers whieh 
offer opportunity for power development, The province ranks second in 
presently recorded available resources and is exceeded only by Quebee and 
Ontario in installed capacity. Considerable power potential exists 
prineipally on such rivers as the Columbia, Fraser, Peace and the Stikine, 
A large part of present development is located in the southern portion of 
the province, but the largest single development is the Kemano plant of the 
Aluminum Company of Canada with a present capacity of 1,050,000 hp. The 
British Columbia Electric Company Limited is the major hydro-clectrie 
producer and distributor in the province. The British Columbia Power 
Commission, which was organized in 1945, also has become an important powere 
producing and distributing agency. 


In Alberta, the principal hydro-clectrie developments from which Calgary 
Power Limited serves a large part of the southern portion of the province, 
are located on the Bow River and its tributaries, A substantial share of 
the water power resources is located in the northern half of the province, 
rather remote from present centres of population. Large reserves of eoal, 
oil and natural gas located in the province supply a very substantial perfion 
of its power requirements, 


In Saskatehewan, abundant water power resourees are located in the 
northern part of the province, principally on the Churchill and Fond du Lac 
Rivers and on the Saskatchewan River, The-existing water power developments 


2G Re RAL i lee Oe eee MAN, ~ ae be 5 
Teas MEM bi i ae pa eget ae ie 


ey al | Lite 
) Ta Ta Lp, 


wien nik xored seta: 
ak. Soltek bs ator " 


ident gated at georurone 
nk. beqofevah ad) cd: yoy | 
- evitosutte orem orif ¢ 
nolisinroy to sentres J¢ee 
el tiompolevat otatoaten La 
povioret ,ksomm toile” 
a to return eo: 


wn a gle Haro te dks ott pit othe Prien | ema ¢ 
lo sotissiliit¢g eit efeditinc? (ita sovoq today qubohwats avonon erom | at 
‘geotsinummoy wor tte Sruntiakidudes ort otonomg Bae eeommoady verto bac 7 
wWiltdelisve oft ybuwdition evelinor? o'sbeseD gakvom to dabequoty’ ‘et bao 
Ke) ororare. dia ‘at ag a Totow fabtnoetog to adnuroms alee’ é 
Baia gpess hain arta at ee ot 


i, Peer ey fie nerlietsone: ol pantie? g — oT ohdat 
 eidad aki to wotvex Aj rerog todaw begelowek Gab oldpliave aa 
ffs ni Soa gated ets toweq sate; To stavome oldetohtency dod serena 
) arty ah yiinme owe eeemmceot ood buotel Sinwht wanted dqoexe edomtye a 
eacoblodtt ahanidaot oft ,eheenonm somnoeos Lowen etehensd to teouolovel 
fauiten sadte - ‘Bae «boone rahe Lovech of ytbmbroig mt voroq tates +0 
isonet srt aemooad aeomuoRet 


gud ly Bis ODS x abanen pontee th earls! ud howevnn: etdestod decor 3 
detdr exovis niatosom yise esd .motisdiqksony To oder, dat a olor ait 29 
oo gh beaogee tigen enc ivoty od? .iromaloveb ‘sore yok ‘yhteatbieqge ‘roto 
bon sodoxD yd ‘pies bohodere ef bys eootmoret ofdmltews bobronot Y globe tr 
7 atakxe lettnoteg seer oldatobtenc? ,viiosgso bolietedt oP obtedad 
,ONLthTe edt Rak somot oan rl oa pee add es wrovky déun ste qi heotentoy 
to molting “eedtittiog ont ok Bavs at Joompofoveh: drhog one te Peg epretl A 
edt “Lo doef cfnm edd. eb tas te reel 1b olgute teomtad edt gad ,potivew alt - 
‘ont sq Q00,080g8 te Yehoades troson » dite shenad Xo, saa mun too TA 
sivtools.ontrgl | ref oxi ott at betinhl yneqned sketee td 2bdmefod dati ied 
nove otiulod mete haa ont ,oonkwory odd nk sodundiabeke chan TooUbo Ny 
etovoy tcatingmt ie ottoood” mod onte *RSeE: at hoa tits gue saw dete .notee tamed 
- «WOR ORs girttod lar eh | iru guloubo Ty 


a a folds mort etienpelorab otuttelonorigd Tegtootap olf ,ateedlA of 
vouy odd io noktaeq oxedtuoe add to al oped 6 govron bodtmht asec 
“ae owe (oktnatedue A .,eckvadydiad aff boe vere wot ult me botavel om 
,oontvong oft Yo tind mrociven od at Botacol 2h deompogan tewoq todar ent 
,Ls0% to esovrens: ogtel .woltologoy ko aetines dronom woxt atomen totert 
nekgieq Inbtustedue yor s ylqque. sombrant ott td butesol tex Leaver fas Lite 
eorenothupes vevoq atk To 


oft mt boteool ota roemwoRon towed tahew dotimaile pewodeduoland. 6 sn) 
Qed uh Poot bre Ct maha odd t0 yi Led hex nae gsoniverg add Xe dueq avandtos 
atuaempoLoveb ravoqg tester Ye ts eixe aff tev bh. sevededesfend. odd mo bas. enone 


5 OS He, 


are confined to mining uses in the northern areas, However, new develoments, 
now under construction on the Saskatchewan River, will be tied into the 
transmission network of the Saskatchewan Power Corporation of the Provincial 
Government which serves the more settled areas of the province and which 

at present is supplicd exclusively by thormal~clectric plants. As in Alberta, 
the substantial reserves of coal, oil and natural gas located in the province 
supply much of its power requirements, particularly in the southern part of 
the province, 


Of the Prairie Provinces, Manitoba has the largest water power resources, 
there being great potential power on the Churchill, Nelson, and Saskatchewan 
Rivers, The larger present developments are located on the Winnipeg River, 
now fully developed, and serve Winnipeg, adjacent municipalities, and the 
transmission network of the Manitoba Power Commission. Increasing amounts of 
thermal-electric power are being uscd to meet the inereasing power demands 
of the southern part of the province, 


Ontario has large water power resourees, being exceeded in this respect 
only by Quebec and British Columbia, It has developed the greater part of 
its recorded available power and ranks sceond in water power development 
among the provinces, The Hydro-Hlectrie Power Commission of Ontario is the 
greatest power-producing and distributing organization in Canada and operates 
69 hydro-electric generating stations with a total installed capacity of over 
7,000,000 hp, and two thermal-cleetrie stations with a combined generating 
capacity of more than 700,000 kv, Its largest water power development is 
located on the Niagara River at Queenston where the total capacity of the Sir 
Adan Beck-Niagara Generating Stations Nos,l and 2 and associated pumping- 
generating station is 2,521,000 hp, The Commission also purchases nearly 
1,000,000 hp. on contract, 


The Province of Quebee is the richest in water power resources, containing 
more than 30 per cent of the total recorded for Canada, Quebec also ranks 
highest in developed power, its present installation of 11,315,407 hp. being 
about 45 per cent of the total for all provinces and representing the 
development of probably less than 40 per cent of its feasible turbine in- 
stallation. The largest single hydro-electric installation in Canada is the 
Quebec Hydro-~Electric Commission's Beauharnois development on the St. 

Lawrence River with a capacity of 1,715,800 hp, installed to date. Also 
notable are the Commission's Bersimis I dowolopment on the Bersinis River with 
an installed capacity of 1,200,000 hp. and the Shipshaw plant of the Aluminun 
Company of Canada Limited on the Saguenay River which is rated at 1,200,000 hp, 
Power production in the province is greatly facilitated by the regulation of 
stream flow by the Quebec Department of Hydraulic Resources through the 

storage dams it operates or controls. 


The water power resources of New Brunswick and Nova Scotia, although 
small in comparison with those of other provinces, constitute a valuable 
source of power of which considerable use is being made; both provinces 
have numerous rivers upon which moderate-~sized power sites exist within 
economic transmission distance of the principal cities and towns; other sites 
are advantageously situated for use in development of the timber and mineral 
resources, These provinces also are favoured with abundant indigenous coal 
supplies, In Prince Edward Island, there are no large streams and consequently 
water potier sites are limited in size to those used for small mills, 
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On the basis of the limited stream-flow data available, Newfoundland's 
water power resources are estimated to be of considerable magnitude. On the 
Island, although the rivers are short, topography and runoff conditions aro 
favourable to power development; in Labrador, the Hamilton River has a high 
power potential which comprises one of the largest undeveloped sources of 
water power in Canada, Considerable development has taken place on the Island, 
the larger developments having been constructed to serve the pulp and paper 
industry. 


The two Territories which comprise Canada's vast northland possess 
extensive water power resources although, owing to light precipitation, the 
favourable sites are dependent upon large storage capacities, In the Yukon 
Territory, most of the resources are located on the Yukon River and its 
tributaries, There exists also the possibility of diverting the headwaters 
of the Yukon River through the Coast Mountains to utilize a high head near 
tidewater in northern British Columbia; however, such a development would 
affect adversely the power potential of the Yukon River in the Yukon Territory, 
In the Northwest Territories, resources are of considerable magnitude and more 
than one-half of the total amount occurs on rivers flowing into Great Slave 
Lakeg Present development is limited to local mining uses and the supply of 
attendant settlements, Owing to the lack of developed native fuel sources 
and to transportation difficulties, water power is of special importance in 
the development of mining areas such as Yellowknife, Northwest Territories 
and Mayo, Yukon Territory, To encourage the development of the resources of 
northern Canada, the Federal Government established in 1948 an ageney now 
known as the Northern Canada Power Commission for the construction and 
management of public utility plants, The Deputy Minister of Northern Affairs 
and National Resources is Chairman of this Commission and the Director of the 
Water Resources Branch is a Member. 


PROGRESS IN DEVELOPWENT DURING 1959 


For the second consecutive year, a maximum record was establishe@ in 
the amount of new hydro-electric generating capacity brought into operation 
during a single calendar year. A total of 2,508,800 hp. of new capacity 
was installed during 1959; other installations which are currently under 
construction are expected to add about 1,700,000 hp, during 1960 while an 
additional 2,300,000 hp. of new capacity are either under construction or in 
active prospect for development in succeeding years. 


A detailed review of new and prospective developments was given in the 
Branch's hulletin Noe2700 "Hydro~Electric Progress in Canada, 1959" which was 
issued on 31 December 1959, Copies of this bulletin are still available, free 
of charga, upon request. The following is a bricf list of the hydro-electric 
developments completed or under construction during 1959 or proposed for 
initial construction in the succceding few years: 


British Columbia 
1, British Columbia Power Commission 

(a) Ash River development, Ash River: Completed in June 1959 with the 
installation of a single unit of 35,000 hp. 

(b) In the planning stages only: Kokish River development on Vancouver 
Island where a total installation of 51,500 hp, is anticipated; 
Pyremid Mountain-Murtle River development which will consist initially 
of one 43,000-hp, unit with ultimate development expected to reach 
four units of 43,000 hp, each, 
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ae British Columbia Electric Company Limited 


a 


Bridge River No,2: Work continued on final phase of development 
including coristruction of Mission Dam on the Bridge River, Initial 
operation at the new power house commenced late in 1959 with the: 
completion of two units at $2,000 hp. cach. Two similar units will be 
added in 1960 raising to 328, 000 hp, the total installed. capacity at 


' the new plant. Mission Dam will raise the head at Bridge River Noel,: 


increasing its output from 246,000 hp. to 276,000 hp. 


3, Northern British Columbia Power Ponvane Limited 


Falls River development, Big Falls Creék: Installation of :a-6 ,000-hp. 
unit is planned for completion before November 1960, raising BS 
12,000 hp, the total installed capacity at the plant. 


he--Oity of Revelstoke 


Cranberry Creek: The City plans to develop a site about 15 miles south 
of Revelstoke to consist initially of one unit at 5,700 hp, Provision 
will be ‘made for a sécond similar unit, 


5 Peace River Development Company 


* 


Te 


et a 


Peace River above Hudson Hope: Planning of this project was continued, 


| Preliminary plans indicate that the project will consist in part of a 


main storage dam where hydro-electric facilities under a maximum 
operating head of 600 feet will provide a generating capacity of abort 
2,500,000 kw. A second dam and hydro-electric plant is i ett to 
be developed downstream from the main dem, 


Northwest Power Industries Linited 


An active interest was maintained in the Yukon River power project and 
in the Nass River project. Review of certain main features of the 
Nass River projeet was undertaken and estimates for both projects ‘were 
revised in the light of changes in labour and material costs, . 


Columbia River 


Active negotiations are proceeding between the Governments of Canada,. - 
British Oolumbia and the United States looking to early development 
of the Columbia River in Canada, 


Adborta 
1. Calgary Power Limited 


(a) 


(b) 


(e) 


Spray and Rundle, Bow Rivers Construction was resumed for the 
extension of these plants. The capacity of the Spray plant. will be 
doubled by the addition of a 62,000-hp. unit. A 40,000-hp, unit will 
be added to the existing capacity of 23 y000 hp. at the Rundle plant, 
Both plants are scheduled for completion in October 1960. 

Brazeau River: Construction was begun to install a single 200,000—hp, 
unit at Big Bend, about 15 miles upstream from the ‘confluence. with the 
North Saskatchewan River, Plans call for the future installation of 
additional units of the same size to on ultimate capacity of 800,000 hp, 
North Saskatchewan River: Preliminary investigations are under way 
for a hydroswclectric development at the Brazeau Forks site, below 

the confluence with the Brazcau River, 


Saskatchewan 
1. Churchill River Power Company Limited 


lation of a 000~hp, unit increasing the installed turbine capacity to 
125,500 hp. in seven units, 


Island eat Churchill River: Completed in June 1959 with the instale 
Dy 
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2¢ Saskatchewan Power Corporation 

(a) Coteau Oreck site, South Saskatchewan River: The Corporation plans 
to install hydro-electric facilities at the carth-fill dam which 
the Prairie Farm Rehabilitation Administration is currently constructing 
as an aid to irrigation, Initially, the hydro-electric development 
is expected to consist of three units of 50,000 or 60,000 hp, cach. 
Iwo similer units will be added at a later date. The overall project 
is scheduled for completion in 1966, 

(b) Squaw Rapids, Saskatchewan River: Construction was begun for the 
installation of six units at 46,000 hp, cach, Four wits are planned 
for service by 1963 and the remaining two by 1964. 


Manitoba 

1. Manitoba Hydro-~Blectric Board 
Kelsey Generating Station, Nelson River: Construction was continued 
for the installation of five units of 42,000 hp, each, Two units are to 
be in operation by 1 July 1960 and three others by 31 December 1960, 
Provision is being made for a sixth similar unit. 


Ontario 
Le Hydro-Eleetric Power Commission of Ontario 

(a) Robert H. Saunders - St, Lawrence Generating Station, St. Lawrence 
Rivert Completed in 1959 with the installation of seven units of 
75,000 hp, each, increasing to 1,200,000 hp, the total installed 
capacity in the Canadian plant, 

(b) Abitibi Canyon, Abitibi River: Completed in April 1959 with the 
installation of a fifth unit of 66,000 hp. 

(¢) Silver Falls, Kaministikwia River: Completed in September 1959 
with the installation of a single unit of 60,000 hp, 

(d) Red Rock Falls, Mississagi River: Construction was continued for 
the installation of two units of 26,500 hp, each. The first unit is 
scheduled for service in December 1960, 

(e) Otter Rapids, Abitibi River: Construction was continucd for the 
installation of four units of 60,000 hp. each, with minimum provision 
being made for the addition of four other units, Two units are 
scheduled for service in 1961. 

2e Great Lakes Power Company 
Cat Falls, Michipicoten River: Completed in August 1959 with the 
installation of a single unit of 30,300 hp. 


Quebec 
1. Quebec Hydro-~Klectric Commission 


(a) Bersimis II, Bersimis River: Construction was proceeding for the 
installation of five units of 171,000 hp, each, Three units were 
placed in service during 1959, The remaining two units are scheduled 
for completion by 1 October 1960, 

(b) Beauharnois, St. Lawrence River: Construction was continued on the 
third and final section of the power house to contain eleven units 
of 73,700 hp. each, Operation of the third section commenced in 
1959 with the installation of four units totalling 294,800 hp. 

The remaining units are to be installed at intervals of 2-1/2 months 
and by 1961, the entire plant with a total rated capacity of 
2,234,700 hp. will have been completed, ' 

(c) Carillon, Ottawa River: Construction was begun for the installation 

of fourteen units each rated at 60,000 hp, 
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2e Aluminum Company of Canada Limited 
(a) Chute des Passes, Peribonka River: Construction was continued for 

the installation of five units at 200,000 each. Three units wore 
placed in operation during 1959 with completion of the project 
expected in February 1960. Work will be resumed in the spring of 
1960 to permit the diversion of Manouan Lake into the Bonnard River, 
a tributary of the Peribonka River above Passe Dangoreuse, 

3. James Maclaren Company Limited 
Dufferin Falls, Lievre River: Completed in February 1959 with the 
installation of two units of 25,000 hp, cach, 

4e Quebec Cartier Mining Company 
Hart Jaune River: Construction was continued for the installation 
of three units at 22,000 hp, each, The three units are expected to 
be placed in service during the period September to November 1960, 

5e Quebec Department of Hydraulic Resources 
Water power investigations were continued on the Broadback, Rupert, 
Eastmain, Great Whale and Fort George Rivers in the James Bay 
watershed; on the Kaniapiskau River in the Ungava Bay watershed; on 
the Mistassibi and Mistassini Rivers in the Lake St. John watershed 
and the Moisie, Sault-au-Cochon, Sault-au-Mouton, Portneuf and 
Escoumains Rivers on the North Shore of the Lower St, Lawrence River, 


ew Brunswick 
1. New Brunswick Electric Power Commission 
(a) Grand Falls Generating Station, Saint John River: The Commission 
acquired this plant from the Gatineau Power Company on 1 May 1959. 
(b) Milltown, St, Croix River: A reconditioned 500-hp, unit originally 
installed in 1910 and retired in 1920 was again placed in service 
17 June 1959, 


Nova Scotia 
1, Nova Scotia Power Commission 


(a) Sissiboo Falls, Sissiboo River: Construction was continued on a 
single-unit §,000-hp, installation, scheduled for completion in 
Mareh 1960. 

(b) Weymouth Falls, Sissiboo River: Construction was continued on a 
singlesunit 12,000~hp. installation, scheduled for completion in 
July 1960, 

(c) Developments at Riverdale on the Sissiboo River and at Wreck Cove 
on Wreck Cove Brook are in active prospect with proposed installations 
of 10,800 hp, and 90,000 hp, respectively. 

2. Nova Scotia Light and Power Company Limited 

(a) Lequille, Lequille River: Construction was begun of a single-unit 
7,500-hp. development for completion in 1961. 

(b) A single-unit 6,500-hp, development at Alpena on the Nictaux River 
is in active prospect with date of completion expected in 1962. 


Newfo 
1. United Towns Electric Company Limited 

(a) Pitmans Pond, New Chelsea Brook: Completed in November 1959 with 
the installation of a single 1,200-~hp, unit. 

(b) Heart's Content, Heart's Content River: Installation of a single ~ 
unit of about 3,200 hp, is proceeding and is scheduled for completion 
in June 1960, The single unit will replace the existing two-unit 
plant. 
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Re Iron Ore Company of Canada 
Menihek Rapids, Ashuanipi River, Labrador: Construction was underway 
to double the existing plant capacity by the addition of a 12,000-~hp, 
unit. The new unit is expected to be in service in April 1960, 

3 Nowfoundland Light and Power Company Linited 
Middle Brook near Gambo: Installation of a single-unit 6,500-hp, 
development is in active prospect, 

4. Southern Newfoundland Power and Development Linited 
Bay d'Espoir: Installation of two 38,500-hp, units is in active 
prospect as part of an ultimate development of 350,000 hp, 

5- Hamilton Falls Power Corporation Limited 
Scott Falls, Unknown River, Labrador: Installation of two 25,000-hp, 
units is in active prospect as part of an ultimate develoment of 
300,000 hp. This development on a tributary of the Hamilton River 
is one of three subsidiary projects which may be built prior to 
construction of the main features included in the plan for Hanilton 
River development. 


Yukon and Northwest Territories 

1. Northern Canada Power Commission 
Snare Falls, Snare River N.W.T.: Construction has continued on 
installation of a single 9,200-hp. wnit with provision for a second 
Similar unit. The first unit is scheduled for operation by November 


1960, 


GROWIH OF WATER POWER DEVELOPMENT 


Since the inception of long-distance transmission of eleetricity near 
the beginning of the present century, water power development in Canada has 
undergone a remarkable growth, the total installation of 177,323 hp, at the 
end of the year 1900 being insignificant in comparison with the 24,888,426 hp. 
installed by the end of 1959, The rapid and continuous growth in installed 
Capacity is illustrated in the diagram on the following page which shows the 
total installation in millions of horse power at the end of each year, 1900 
to 1959, The installed capacity of the Province of Newfoundland has been 
included in the total for Canada from 1949 forward, 


During the present century, the rate of growth in the total capacity of 
water power installations in Canada has tended to accelerate, The average 
annual increase of 56,000 hp, in the period 1900-1905 was stepped up 
sharply in subsequent years, owing largely to improvements in electrical 
transmission and to the building by utilities of large hydro-clectric stations, 
During the period 1906-1922, development proceeded at a fairly uniform rate 
of 150,000 hp, per year. As a result of the heavier demand for electricity 
during the prosperous 1920's, the rate of installation inereased appreciably in 
1923 and continued at a nearly uniform rate of 377,000 hp. per year for the 
period 19231935. As large-scale hydro-cleectrice projects require a long 
construction period, their completion tends to lag behind the demand for 
electric power which responds quickly to general economic conditions, This 
time lag is evident when the demand for power fell off during the early 1930'ss 
Projects under way were completed but the economic depression resulted in a low 
rate of installation during the years 1936-1939, The great demand for power 
for war purposes eccounts for the high average rate of increase of 481,000 hp, 
per year during the period 1940-1943. Few developments were undertaken in the 
later war years or in the immediate postewar period, so that only a small amount 
of new capacity came into operation from 1944 to 1947 inclusive. However, the 
results of the later post-war program of construction are apparent in the 
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amount of growth during the twelve-year period 1948 to 1959 inclusive when 
the average rate was nearly 1,200,000 hp. per year. Present programs of 
expansion indicate a continuation of this rate of growth for several years. 


COAL EQUIVALENT OF DEVELOPED \VAT:R POwnit 


Apart from its production from water power, electric energy in large 
amounts is produced by thermal plants. Coal, oil and natural gas are the 
principal fuels, althcugh the greater part of the total thermal-electric 
generation is derived at present from steam plants which burn coal. Hence, 
the importance of water power in the economy of power producticn may be 
represented by the amount of coal which would have been ccnsumed if steam 
had been used to produce the total amount of power realized from hydro-eleetrie 
and hydraulic sources during 1959. 


The total enersy generated from water power in Canada during 1959 was 
about 96,516,000,000 kwh. Assuming that one pound of coal rated at 12,000 
B.T.U. per pceynd is required to produce ene kilowatt-hour of electricity by 
thermal-electric generation, the total 1959 water power cutput is equivalent 
to the burning of over 48,250,000 tons of such coal, which w uld be in 
addition to the estimated 1959 consumption of abeut 24,000,000 tons including 
all types of coal. 


UTILIZATION OF DEVELOPED wWATER POWER 
For the purpose of showing the general manner in which developed water 
power in Canada is utilized, Table II lists the hydraulic installation of 
each province and of the territories under two divisions, namely "Utilities" 
and "Industries" which are discussed cn the following pages. 
TABLE II 
DISTRIBUTION OF DEVELOP2D WATER POWs 


At End of Year 1959 


Turbine Installation - hp. 


Provinee ———_—— 
or Territory > Utilities : Industries : Total 
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Prince Edward Is, 240 1,420 1,660 
Newfoundland 269,015 101,120 370 ,135 
Yukon and N.W.T. 31,540 19,700 51,240 
Canada — 19, 223,020 5,665,406 2h, 888 ,426 
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In the above table, Column 2 includes only hydro-electric stations which 
develop power mainly for sale. Colum 3 includes only water power developed 
directly by industries mainly fcr their own use. Colurn 4 includes all 
hydraulic turbines and water wheels installed in Canada. 


Utilities 


The classification "Utilities", listed in Cclumn 2 cf the preceding ‘table 
covers companies, municipalities or individuals who sell most of the power 
they develop. In some instances they include also certain subsidiary companies 
whose main purpose is to develop and sell power to a parent company for 
industrial purposes. Installations of utilities totalling 19,223,020 hp. 
represent 77 per cent of Canada's total developed water power as at 31 
December 1959. 


In recent years, the majority of new hydraulic developments hve been 
of the utility type; even hydro-electric plants built mainly for the 
operation of some special industry serve to some extent as a utility by 
supplying the local domestic needs or in selling surplus power, thus 
assuring the maximum economic development of the site. Growing demand in 
industrial, commercial, and domestic loads indicates further expansion in 
the field of the utility station and the current need for the new developments 
now under construction or planned, 


Industries 


The classification "Industries" in Column 3 cf Table II includes these 
companies or individuals which develop power mainly “or their own use. 
While the figures indicate that industries have developed cnly 23 per cent 
of Canada's total installed water power capacity, it must be emphasized 
that in addition to the power generated in their own plants, industries 
purchase large amounts cf power from utilities. For example, of the total 
of 28,848 million kilowatt-hours of electric energy made available in 1958 
by the Hydro-Blectric Power Commission of Ontaric, abcut 29 per cent was 
sold direct to industrial customers. The importance of water power in the 
pulp and paper industry and in the mineral industry, the largest users of 
this source of energy, is discussed in the following. 


The pulp and paper industry, which operated at below rated eapacity 
during 1959, is one of the world's great industrial enterprises. In 1958, 
Canada's total mill capacity for the production of newsprint paper was 
about seven million tons per year which is much greater than that of any 
other country; (in the production of woed pulp, Canada is second only to 
the United States). About 94 per cent of the manufactured newsprint is 
exported making the industry a particularly important contributor to Canada's 
export trade balance. 


The pulp and paper industry is a major industrial user of water power 
in Canada, its electric consumption representing about 18 per cent of the 
total electric energy produced in Canada. In 1958 the industry generated 
about 4,745 million kwh. for its own use and purchased an additional 13,87” 
million kwh. Most of the total of 18,615 million kwh. purchased or generated 
was produced by water power. 
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The relationship between the pulp and paper industry and water power 
development is an intimate one in that each contributes substantially to 
the other's expansion. The manufacture of newsprint requires a mechanical 
installation of about 100 hp. for each ton of daily output; hence, an ample 
supply of power at reasonable cost is essential to the industry. 


In the mineral industry, although only a small number of water power 
plants are used directly to serve mining operations, smelting and refining 
operations reouire large amounts of hydro-electricity. In 1958 the mineral 
industry consumed about 22,939 million kwh, of electric energy representing 
about 22 per cent of the total generated in Canada. Of the total consumed 
more than 16,100 million kwh. were utilized in smelting and refining of metals. 
Most of this amount was used for the production of aluminum. While Canada 
has no known deposits of bauxite, the availability of low-cost hydro-electric 
power has fostered the establishment of an aluminum industry which produces 
one-quarter of the world's supply of this metal. 


The incidence of large water power rescurces in those regions of Canada 
in which the more important mineral discoveries have been made has greatly 
facilitated mining development. Metal mining, which forms an important part 
of the mining industry in Canada, is carried cn mainly in two principal 
physiographic regionss The western Cordillera and the Canadian Shield. The 
topography and precipitation of the mountainous regions are favourable to 
water power development which provides power for mining and smelting operations. 
The Canadian Shield, a Precambrian formation in which many important metal- 
iferous ores are found, forms a wide are arcund Hudson Bay; the region has 
been heavily glaciated in recent geological times so that its river systems 
are comparatively young and are characterized by numerous lakes joined by 
short sections of rapids and falls which frequently afford water power sites which 
are conducive to economic mining operations. The value of water power to 
mining operations is evident in Canada's asbestos industry which depends 
almost exclusively upon hydro-electric power and which produced about 50 
per cent of the world's supply in 1959. 


DEVELOPED WATER POWER IN RELATION TO POPULATION 


The following Tables III and IV show Canada's developed water power in 
relation to population. Table III lists the estimated population of each 
province and of the territories on 1 January 1960 in comparison with the 
installed capacity of existing water power developments. Table IV lists 
the provinces and the territories in their order of magnitude with respect 
to population, total water power installation and per capita installation. 


The figures listed for installation per thcusand population in the 
provinces and territories reflect in part the extent and character of the 
utilization of water power in each. The average for the whole country is 
1,416 hp. per thousand population, a factor which places Canada in an outstand~ 
ing position with respect to water power development and, on this basis, 
second only to Norway among countries of the world. On the basis of available 
information, Canada is exceeded only by the United States of America in 
total water power installation. 
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TABLE III 
: ; $ Installation 
$ Installed : Estimated : per thousand 
Province : Capacity - hp. : Population : population 
or Territory ¢ BL Vec, 1959", 3°31 Dect 1959 hp. 
British Columbia 3,509,460 1,592,000 2,204 
Alberta B12 595 1,264,000 247 
Saskatchewan 1255235 907 ,000 142 
Manitoba 778,900 892,000 873 
Ontario Va 7be yok 6,029,000 Ls jen 
Quebec 13155407 5 062,000 25255 
New Brunswick PAY Nat at 595,000 428 
Nova Scotia 183,168 719 ,000 255 
Prince Edward Is. 1,660 103,000 16 
Newfoundland B70 yo 4,53 ,000 817 
Yukon and N.W.T. 51,240 34, 000 Rt ay 
Canada 24,888 ,4.26 17,650,000 1,410 
TABLE IV 


:Provinces and Territories in their order of magnitude with respect to: 
ied AL, ERE Ca a eat eet 200 ASP a a EO IASG ALLS EE 


Order of: ¢ Total Water Power 4 Per Capita 
Magnitude: Population : Installation : Installation 
First Ontario Quebec Quebec 
Second Quebec Ontario British Columbia 
Third British Columbia British Columbia Yukon and N.W.T, 
Fourth Alberta Manitoba Ontario 
Fifth Saskatchewan Newfoundland Manitoba 
Sixth Manitoba Alberta Newfoundland 
Seventh Nova Scotia New Brunswick New Brunswick 
Eighth New Brunswick Nova Scotia Nova Scotia 
Ninth Newfoundland Saskatchewan Alberta 
Tenth Prince Edward Is. Yukon and N.W.T. Saskatchewan 
Eleventh Yukon and N.W.T. Prince Edward Is. Prince Edward Is. 
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DEPARTMENT OF NORTHERN AFFAIRS AND NATIONAL RESOURCES 


WATER RESOURCES BRANCH 


WATER POWER RESOURCES OF CANADA 


The Water Resources Branch, Department of Northern Affairs and 
National Resources, presents its annual review of the water power resources 
of Canada and of their development to the end of 1960, Based upon the 
Branch's water power inventory, resources are summarized and such salient 
features as provincial and territorial distribution, current progress of 
construction, rate of development, end industrial utilization are discussed 
briefly, 


One of the most important factors influencing Canada's economic 
development has been the availability of large quantities of low-cost 
electric power derived from the nation's water power resources, Since 
early in the present century, water power has increased Canada's productive 
capacity at a remarkable rate, ‘Jn less than fifty years, an economy which 
was essentially agricultural and which produced mainly raw materials for 
export has changed to one increasingly dependent upon industrial operations. 
This transition, coincident with the growth of water power development, has 
been accelerating in recent years, The close relationship between water 
power and industry in Canada is particularly evident in southern Quebec 
and Ontario which, although lacking in indigenous coal, have become the 
most highly industrialized regions of the country through the use of their 
large water power resources, The Province of British Columbia, which is 
rich in potential water power, also has been making rapid industrial progress 
in step with water power development, Most of the current power demand in 
Canada is provided by hydroelectric developments and during 1960 the net 
increase in installed hydro-electric capacity amounted to 1,741,820 hp. 
Considerable additional hydro-electric capacity is currently under con- 
struction for initial operation during the next few years, In some areas 
of the country, however, there is a growing tendency towards increased 
thermal-¢lectric generation, a tendency which reflects not only a stage 
of hydro-electric development wherein most of the sites located within 
economic transmission distance of established demand areas have already 
been developed, but also an increasing awareness of the benefits of resource 
conservation which may be derived through the operation of integrated power 
systems supplied by bota hydro-electric ana thermai-eiectric plants. 


Copies of this annual bulletin may be obtained free of charge from the 
Director, Water Resources Branch, Department of Northern Affairs and 
National Resources, Ottawa. 
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TOTAL AVAILABLE AND DEVELOPED WATER POWER 


Table I lists by province and territory the total water power resources 
of Canada and the present total capacity of all water power plants in the 
country, determined from the records of the Water Resources Branch. The 
Branch, under agreements with provincial authorities, carried out hydro- 
metric investigations on rivers throughout the country and maintains 
continuous records of stream flow which are accumulated from all sources, 
The estimates of available power are revised as stream-flow records for 
longer pericds accumulate and as more detailed information on potential 
power sites is cbtained, As defined on the following pages, estimates are 
made on the bases of ordinary minimum flow and dependable maximum (ordinary 
six-months) flow. In the gathering of information on developed water power 
and power output, close liaison is maintained with the Dominion Bureau of 
Statistics. The totals of installed capacity are based upon the manufacturer's 
rating of each turbine and water wheel, where this information is available. 


TABLE I 
AVAILABLE AND DEVELOPED WATER POWER IN CANADA 


At End of Year 1960 


: Available continuous power : Installed 
Province : at_80% efficiency - hp, : Turbine 
or Territory : At Ordinary : At Ordinary : Capacity 
: Min, Flow: 6-Months Flow : hp. 
: : eel 3 : 4 
British Columbia 18,200 ,O000* 19 ,4.00 , O0O* 3 , 7009326 
Alberta 911,000 254.53 ,000 AYA 455 
Saskatchewan 550,000 1,120,900 1527435 
Manitoba 3 5492,009 5 798,000 988 , 99 
Ontario 5 5496 ,000 Fy (01,008 7,814,562 
Quebec 1G , 896, ,0OOK* 4. 2041.5 0008* 12,440,145 
New Brunswick 123 ,000 334,000 25,208 
Nova Scotia 30,000 1714000 184,538 
Prince Edward Island 500 3,000 1,660 
Newfoundland 1,608,000 3g eble O00 38h ,025 
Yukon Territory Lis, 18,00G* 4, 5700 ,009* 38,199 
Northwest Territories 374,000 808 , 000 eae 
Canada 46,359,000* 66, 203,000* 26 375 yl *e* 


* These figures reflect the effect of possible stream flow regulation 
based on known storage potentials, 


** These figures undoubtedly will be revised substantially upon comple- 
tion of a review of water power resources now being carried out by 
the Quebec Department of Hydraulic Resources with the co-operation 
of the Water Resources Branch, 
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“““ During the past year, a major review of the Branch inventory of 
installed water power capacity in Canada was carried out, result- 
ing in a net reduction of approximately one per cent in the total 
capacity listed previously. 


Columns 2 and 3 in the above table do not include the power potential of 
major river diversions that have been investigated but not developed; for 
example, in the Province of British Columbia, the potential of the Chilko 
River itself has been included, but not the potential of the Chilko-Homathko 
River diversion which some publications quote as 1,000,000 hp. A number of 
other major diversion possibilities exist, particularly in British Columbia 
where topographical conditions favour such rearrangements of flow. The 
addition of the power potential eof these major diversions to the available 
power figures given in the preceding table may be necessary in some instances 
to reconcile these figures with those obtained from other sources. 


Column 2 lists the estimated continuous power ordinarily available at 
periods of low discharge under existing conditions of river flow; the 
"Ordinary Minimum Flow" is based upon the average of the mean flows for the 
two lowest periods of seven consecutive days in each year covered by the 
period of record. Estimates of dependable maximum power as given in Column 3 
are based upon the "Ordinary Six-Months Flaw", which is the computed depend- 
able stream flow usually available for at least six months in the year under 
existing flow conditions. On rivers for which there are no specific discharge 
records, estimates of flow are made from all available pertinent information 
relating to runoff in the area. 


In the case of hydraulic head, the figures ef Columns 2 and 3 are based 
upon the actual drop, or feasible concentration of head, which has been 
measured or at least carefully estimated at existing falls, rapids and known 
power sites; no consideration has been given to possible economic concentra- 
tions of head on rivers and streams of gradual gradient, except at those 
locations where the feasible head has been definitely established by field 
investigations. Many unrecorded power sites exist »n rivers and streams 
throughout the country, particularly in the less explored northerly districts, 
but these cannot be included in the tabulation until more detailed survey 
work has been made. Thus, for both the total number of sites and the possible 
head at each site, the listed figures of available power represent only the 


minimum water power possibilities of Canada. 


The figures for installed turbine capacity, listed in Colum 4, are 
the totals of plant capacities based upon the manufacturer's rating as 
indicated on the name-plate of each unit. In exceptional instances where, 
subsequent to the initial development, a change in the normal operating head 
has been effected, 2 rating based on the new normal operating head is used. 
While the maximum economic turbine installation at any power site can be 
determined only by careful consideration of all conditions and circumstances 
pertinent to its individual development, it is the usual practice to install 
turbines which have a total capacity in excess of the power equivalent of 
the ordinary six-months flow at the site. This additional capacity may be 
installed for use at peak-load hours or to take advantage of periods of high 
river flow, or to facilitate plant maintenance. In some instances, subsequent 
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to initial development, storage dams have been built to provide more uniform 
river flows. In others, deficiencies in power output during periods of low 
flow have been offset by auxiliary power from thermal-electric plants or 
by interconnection with other hydro-electric plants which operate under 


different load conditions or are located on other rivers with different flow 
characteristics. 


The extent to which the installed capacity exceeds the power equivalent 
of the ordinary six-months flow is dependent upon the factors which govern 
the system of power plant operation, and varies widely in different areas of 
the country. In some individual developments the difference may amount to as 
much as several hundred per cent. For this reason the figures in Column 4 
are not directly comparable with those in Colum 3. In view of the trend to 
provide installed capacity often far in excess of the potential at ordinary 
six-months flow, it is no longer feasible to offer reliable estimates of 
future capacity installation based upon estimates of available water power. 


Although extensive use is being made of Canada's water power resources 
at the present time, many large potential power sites in various parts of 
the country have yet to be developed. In some areas, where the more 
attractive sites within economic transmission distances of present centres 
of population have already been developed, the expansion of thermal-electric 
development is necessary to satisfy the increasing power demande In other 
areas, reserves of accessible power continue to meet the growing power 
requirements of many of the more densely settled areas. In addition, improve- 
ments in the techniques of long-distance transmission, including the use of 
higher voltages, are bringing more and more sites within the orbit of existing 
‘systems. In the more remote districts, water power will make possible the 
utilization of mineral and other resources and promote the establishment of 
new communities. There can be no doubt that the existence in northern regions 
of large quantities of potential water power will prove to be a factor of the 
utmost significance in the eventual realization of the natural wealth of 
Canada's North. 


PROVINCIAL AND TERRITORIAL DISTRIBUTION OF WATER POWER 


Table I on page 2 shows the provincial and territorial distribution of 
Canadats available and developed water power. A review of this table 
illustrates the fact that considerable amounts of water power are being used 
in all provinces except Prince Edward Island where resources are small. As 
the development of Canada's natural resources proceeds, the fortunate incidence 
of water power in proximity to mineral deposits, pulpwood, and other natural 
resources becomes more apparent. 


British Columbia, traversed by three distinct moumtain ranges and with, 
on the whole, a high rate of precipitation, has many mountain rivers which 
offer opportunity for power development. The province ranks second in 
presently recorded available resources and is exceeded only by Qucbee and 
Ontario in installed capacity. Considerable powor potential exists principally 
on such rivers as the Columbia, Fraser, Peace and the Stikine. A large part of 
the present development, however, is located in the southern portion of the 
provinces Tho Aluminum Company of Canada's Kemano plant, with a present 
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capacity of 1,050,000 hp., is the largest single development in British 
Columbia. The British Columbia Electric Company Limited is the major hydro- 
electric producer and distributor in the province, The British Columbia 
Power Commission, which was organized in 1945, also has besome an important 
power producing and distributing agency. 


In Alberta, the principal hydro-electric developments from which Calgary 
Power Limitcd serves a large part of the southern portion of the province, 
are located on the Bow River and its tributaries. A substantial share of the 
water power resources is located in the northern region of the province, rather 
remote from present centres of population. Coal,oil and natural gas, of which 
there are large reserves located in the province, supply a very substantial 
portion of its electric power requirements. 


In Saskatchewan, abundant water power resources are located in the central 
and northern parts of the province, principally on the Churchill, Fond du Lac, 
and Saskatchewan Rivers. Existing water power developments are confined to 
mining uses in the northern areas; however, new developments, now under con- 
struction on the Saskatchewan River, will be tied into the transmission net- 
work of the Saskatchewan Power Corporation of the Provincial Government which 
serves the more settled areas of the province and which at present is supplied 
exclusively by thermal-electric plants, As in Alberta, coal, oil and natural 
gas, of which there are substantial reserves located in the province, supply 
much of its electric power requirements. 


Of the Prairie Provinces, Manitoba has the largest water power resources, 
there being great potential power on the Churchill, Nelson, and Saskatchewan 
Rivers. The larger present developments are located on the Winnipeg River, 
now fully developed, and serve Winnipeg, adjasent municipalities, and the 
transmission network of the Manitoba Power Commission. Increasing amounts of 
electric power are currently needed to meet the growing power demands 
of the southern part of the province; however, this need will be met 
temporarily by hydro-electric power from a development on the Saskatchewan 
River, expected to begin operation in 1964. 


Ontario has large water power resources, being exceeded in this respect 
only by Quebec and British Columbia, It has developed the greater part of its 
estimated available power and ranks second in water power development among 
the provinces, The Hydro-Electric Power Commission of Ontario is the greatest 
power-producing and distributing organization in Canada and operates 19 hydro- 
electric generating stations with a total installed capacity of approximately 
7,000,000 hp. and two thermal-electric stations with a combined generating 
capacity of nearly 1,200,000 kw, Its largest water power development is 
located on the Niagara River at Queenston where the total capacity of the Sir 
Adam Beck-Niagara Generating Stations Nos, 1 and 2 and associated pumping- 
generating station is 2,521,000 hp. The Commission also purchases large 
amounts of electric power generated outside the province, mainly in Quebec. 


The Province of Quebec is the richest in water power resources, with 
more than 30 per cent of the total recorded for Canada. Quebec also ranks 
highest in developed power, its present installation of 12 ,4hO 145 hp. being 
about 47 per cent of the total for all provinces. The largest single hydro- 
electric installation in Canada is the Quebec Hydro-Electric Conmission's 
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Beauharnois development on the St. Lawrence River with a capacity of 2,087,300 
hpe installed to date. Also notable are the Commission's Bersimis I devclop- 
ment on the Bersimis River with an installed capacity of 1,200,000 hp. and the 
Shipshaw plant of the Aluminum Company of Canada Limited on the Saguonay River 
which is rated at 1,140,000 hp. A scheme which will ropresent a major stop 
forward in the devclopment of Quebec's hydro-clectric resources was amounced 
in mid-1960 by the Quebec Hydro-Electric Commission. This schome, involving 
harnessing of the headwatcrs of the Manicouagan and Outardes Rivers, will 
eventually producc ncearly 6,000,000 hpe of now capacity at now and oxisting 
developments on the two rivers. Power production in the province is greatly 
facilitated by the regulation of strcam flow by the Quobce Department of 
Hydraulic Resources through the storago dams it operates or controls. 


The water power resources of New Brunswick and Nova Scotia, although 
small in comparison with thosc of other provinces, constitute a valuable 
source of power of which considcrablo use is being mado. Both provinces have 
numerous rivers upon which moderatc-sized power sitcs oxist within economic 
transmission distanco of the principal citics and towns; other sites arco 
advantagcously situated for use in development of the timber and mincral 
resourcese These provinces slso are favoured with abundant indigenous coal 
supplies. In Prince Edward Island, there are no large streams and consequently 
water powcr sites arc limited in size to those used for small mills. 


On the basis of the limited strcam flow data available, Newfoumdland's 
water power resources aro estimated to be of considerable magnitude. On the 
Island, despite the fact that, in general, the length of the rivers is not 
great, topography and runoff conditions favour the development of powers; in 
Labrador, the power potential of the Hamilton Rivor is such as to permit its 
classification as one of the largest undeveloped sources of water power in 
Canada. Considerable development has taken place on the Island, the larger 
developments having been constructed to serve the pulp and paper industry. 


The two Territories which comprise Canadats vast northland possess 
extensive water powcr resourcese In the Yukon Territory, most of the resources 
are located on the Yukon River and its tributarios. There exists also the 
possibility of diverting the headwaters of thc Yuon River through the Coast 
Mountains to utilize a high head near tidowator in northern British Columbia; 
such a development would, howovor, affect adversely the power potential of the 
Yukon River in the Yukon Territory. In the Northwest Territorics, resources are 
of considerable magnitude. Extensive water puwor resources exist on rivers 
flowing into Great Slave Lake. Of major significance is the hydro-clectric 
potential existing on the South Nahanni River, which drains to the Mackenzic 
River via the Liard River. On the basis of preliminary investigations, it is 
estimeted that, with total rogulation and complete utilization of the total 
head susceptible of development, the hydro-clectric potential of the South 
Nahanni River could ¢xceed one million continuous horsepower. Future listings 
of available continuous powcr for tho Northwest Territories will roflect the 
major power potential of the South Nahanni River when furthcr studics permit a 
more accurate asscssmont of its resources. Indications are that the rivers 
draining the Keowatin District, lying north of Manitoba, will contribute matcrially 
to the total power potential of the Northwest Torritorics. Power supply from 
prescnt dovolopments is used exclusively to satisfy the needs of local mines and 
adjacent scttloments. Due to the lack of developed native fucl sources and to 
transportation difficulties, water powcr is of spocial importance in the deovelop- 
mont of mining aroas such as Yellowknife in the Northwest Territorics, ond Mayo 
in the Yukon Territory. 
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To encourage the development of the rescurces of northern Canada, the 
Federal Government established in 1948 an agency, now known as the Northern 
Canada Power Commission, for the construction and management of public utility 
plants. The Deputy Minister of Northern Affairs and National Resources is 
i cha of this Commission and the Director of the Water Resources Branch is 
a Member, 


PROGRESS IN DEVELOPMENT DURING 1960 


The total of 1,741,829 hp. of new capacity installed during 1960, while 
falling short of the record total of 2,508,800 hp. installed in the previous 
year, nevertheless represents a significant addition to Canada's hydro- 
electric generating capacity. Construction at present under way is expected 
to yield approximately 243,000 hp. of new capacity in 1961 and an additional 
4,500,000 hp. of new capacity within the next few years, with provision made 
for a further 1,000,000 hp. as required in subsequent years. 


A detailed review of new and prospective developments was given in the 
Branch's Bulletin No. 2720 "Progress in Electrical Generation in Canada - 
1966" which was issued on 2 January 1961. Copies of this bulletin are still 
available, free of charge, upon request. The following is a brief list of 
hydro-electric developments completed er under construction during 1960, or 
proposed for initial construction within the next few years: 


British Columbia 
1. British Columbia Power Commission 

(a) Kokish River development on Vanccuver Island: In the planning stage 
only. A total installation of 51,500 hp. is expected. 

(b) Pyramid Mountain-Murtle River: In the planning stage only. Initial 
development will consist of one 43,000-hp. wit with ultimate 
development expected to reach 172,000 hp. in four units, 

2e British Columbia Electric Company Limited 
Bridge River No. 2: Total development was realized in 1960 follow- 
ing completion of Mission Dam and installation of the remaining two 
units in the powerhouse. The development now has a total installed 
capacity of 328,000 hp. in four equal wnits. The increased head 
due to construction of the Mission Dam, will increase the toval 
turbine capacity at Bridge River No. 1 Powerhouse from 248,000 hp. 
bOn27 65000: hps 

3. City of Revelstoke 

- Cranberry Creek: The initial phase of this development was 

completed with installation of one 5,800-hp. unit, One similar unit 
to complete the development will be installed when necessitated by 
demand increase, 

4, Northern British Columbia Power Company Limited 
Falls River, Big Falls Creek: In November, installation of a second 
6,000~hp. unit was completed, bringing the total installed capacity 
to 12,000 hp. 

5 Peace River Development Company 
Peace River above Hudson Hope: Planning of this project was 
continued, Preliminary plans indicate that the project will 
consist in part of a main storage dam where hydro-electric facilities 
under a maximum operating head of 600 feet will provide a generating 
capacity of about 2,500,U00 kw, A second dam and hydro-electric 
plant is expected to be developed downstream from the main dam, 
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6, Northwest Power Industries Limited 
An active interest was maintained in the Yukon power project in 
Yukon Territory and in the Nass River project in northern British 
Columbia, Surveys made in previous years have been brought up to 
the design stage and no further work is ccentemplated for the present. 

7. Columbia River 
Negotiations between Canada and the United States led, early in 
1961, to the signing of a treaty relating to the development of the 
Columbia River in Canada, Ratification of the treaty would permit 
the commencement of work on the development of sterage in Canada for 
the benefit of plants in the United States, Under the terms of the 
agreement, Canada would receive one-half of the power benefits 
accruing to the United States from the regulation of 15.5 million 
acre-feet of storage, and one-half of the value of the estimated 
flood damage prevented in the United States through flood control 
operation of these projects, It is estimated that Canada's initial 
share of the power benefits will approximate 6,750,000,000 kilowatt- 
hours of annual energy from 1,300,900 kw. of dependable capacity. 


Alberta 
1. Calgary Power Limited 
a Spray and Rundle, Bow River: Total development was reached in 1960 
at both plants, Capacity of the Spray plant was doubled with the 
addition of one 62,000-hp. unit. One 40,000-hp. unit was installed 
in the Rundle plant to raise the total capacity to 63,000 hp, 

(ob) Brazeau River: Construction was continued for the installation late 
in 1964 of a single 200,000-hp, unit at Big Bend, about 15 miles 
upstream from the confluence with the North Saskatchewan River. 
While a total development of up to 800,000 hp. has been proposed, no 
final decision has yet been made with regard to future development. 

(c) North Saskatchewan River: Investigations were continued for a hydro~ 
electric development at the Brazeau Forks site, located below the 
confluence with the Brazeau River. 


Saskatchewan 

1. Consolidated Mining and Smelting Company 
Wellington Lake, Charlot River: Total development was realized in 
1960 on installation of a second 3,300-hp. wit. 

Za ‘dorado Mining and Refining Limited 
Waterloo Lake, Charlot River: Construction was commenced for the 
installation of a single-unit 10,000-hp. plant, 

3. Saskatchewan Power Corporation 

(a) Coteau Creek site, South Saskatchewan River: Construction continued 

| on the South Saskatchewan River Preject, being developed by the 
Prairie Farm Rehabilitation Administration primarily for irrigation 
purposes. Associated power facilities will be incorporated at the 
main dam by the Saskatchewan Power Corporation, which plans an 
initial installation of three units of about 60,000 hp. each, and 
provision for two additional units to bring the ultimate capacity 
of the development to 300,000 hp. 

(b) Squaw Rapids, Saskatchewan River: Construction continued on this 
project which, when completed, will comprise six units of 46,000 hp. 
each, Installation offour of the units is planned for 1963, and 
the remaining two for 1964. 
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1. Manitoba Hydro-Electric Board 


a 


(b) 


Ontario 


Kelsey Generating Station, Nelson River: Initial operation 
commenced in 1960 when five units of 42,000 hp. each, were placed 
in service. Provision has been made for a sixth unit of the same 
rating when the increase in demand warrants its installation, 

Grand Rapids, Saskatchewan River: Construction was commenced on 

an initial installation of 450,000 hp. in three units of 150,000 hp. 
each, Two units are scheduled for service late in 1964, and a 
third unit for 1965, 


The Hydro-Electric Power Commission of Ontario 


(a) 


(b) 


(c) 


Quebes 


Red Rock Falls, Mississagi River: Construction was virtually 
completed in 1960 when one of two 26,500-hp. units was placed in 
eee The second unit is expected to be in service early in 
Otter Rapids, Abitibi River: Rapid progress was made for an initial 
installation of four units, each of 60,000 hp. The control structure 
at the site will, however, provide for an ultimate installation of 
eight units with a total installed capacity of 480,000 hp. Two 
eA are scheduled for operation late in 1961 and two others in 

963 « 
Little Long, Harmon, and Kipling, Mattagami River: The three plants 
will be located on a 12-mile reach of the river in the general 
location of the existing Smoky Falls hydro-electric station. While 
engineering design for the three stations was only in a preliminary 
stage, initial ccnstruction was under way at the Little Long plant 
where two 84,000-hp. units are tentatively scheduled for service in 
1963, with provision made for two similar units. The Harmon and 
Kipling plants are expected to begin service in 1965 and 1966 
respectively, and initially will each comprise three units of 
63,000 hp, Ultimate installation is expected to provide a total 
turbine capacity of 378,000 hp. in six wits at the Harmon plant 
and 441,000 hp. in seven units at the Kipling plant. 


1, Quebec Hydro-Electric Commission 


(a) 


(b) 


Bersimis II, Bersimis River: Ultimate development was reached with 
the installation of two units of 171,000 hp. each, bringing the 
total capacity to 855,000 hp. in five units. 

Beauharnois, St. Lawrence River: The third and final phase of 
development was brought nearer completion with the addition of five 
units of 73,700 hp. each, raising to nine the total of units installed 
during this phase. The tenth unit is scheduled for operation early 
in 1961, and provision is being made for an eleventh and final unit. 
Installation of the last two units will bring the total installed 
capacity of the entire Beauharnois development to 2,234,700 hp. 

in thirty-nine units, 
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(c) Carillon, Ottawa River: Construction was continued for the 
installation of 840,000 hp. in fourteen units. Operation of the 
first unit is planned for the fall of 1962 and the remaining units 
during the 1962-1965 pcriod. 

(a) Manicouagan and Outardes Rivers: Plans were annowced in the summer 
of 1960 for a project involving the harnessing of the headwaters of 
these rivers to provido nearly 6,000,000 hp. of new capacity at now 
and existing developments on both rivers. Development of three sites 
on the Manicouagen River will realize some 3,700,000 hp. and two 
sites on the Outardes River an additional 1,440,000 hp. Regulation 
from upstream rcscrvoirs will benefit the Manicouagan Power Company's 
McCormick Dam Project by permitting a capacity increase from the 
present 292,400 hp. to about 580,000 hp., and Quebec North Shore 
Paper Company's Outardcs Falls plant from 70,600 hpe to 410,000 hps 

Aluminum Company of Canada 
Chute des Passes, Pcribonka River: Early in 1960,:tho last two 
wits of a total of five were placed in service, bringing the 
total installed capacity of the plant to 1,000,000 hp, Work was 
completed on the Bonnard River - Lake Manouan diversion, pormit- 
ting the stored waters of Lake Manouan to be diverted into the 
Bonnard River, 2 tributary of the Peribonka River above Passe 
Dangereuse. 

Quebec Carticr Mining Company 
Hart Jaume River; Construction was completed on the installation 
of three units of 22,000 hp. cache The powerhouse, located 27 milos 
upstrcam from Big Manicouagen Leake, will operate by remote control. 

Office de l'Electrification Rurale 
Magpic River ncar Magpie Village: Construction commenced on this 
plant, designed to house two units of 1,500 hpe cache 

Quebec Department of Hydraulic Resources 
Water power investigations wore continued on the Eastmain, Fort 
George, Groat Whale, ond Nastapoca Rivers in the Hudson Bay watershed, 
on the Kaniapiskau, Whale, and George Rivers in the Ungava Bay water- 
shed, on the Chamouchouanc, Mistassini, and Mistassibi Rivers in the 
Lake St, John watorshed, and the Moisic, Marguorite, Portneuf, 
Sault-au-Mouton, and Escoumains Rivers on the north shore of the 
lower St. Lawrenco Rivor. 


New Brunswick 


No now hydro=cloctric capacity was brought into operation during 1960, 
and construction under way will add less than 1,000 hp. of new 
capacity in 1961. This new capacity will be located on the 
Monquart River near Bath, and is expected to consist of two units 
operating under a maximum hcad of 80 feet. 


Nova Scotia 
Le Nova Scotia Powcr Commission 


(a) Sissiboo Falls end Weymouth Falls, Sissiboo River: While originally 
scheduled for complction by mid-1960, delays in construction at both 
plants have resulted in postponoment of thcir complction dates to 
1961. The Sissiboo Falls plant will consist of one 8000-hp. unite 
The Weymouth Falls plant will contain one 12,000-hp. wit. 
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(b) Under activo consideration are developments at Riverdale on tho 
Sissiboo River and at Wreck Cove on Wreck Cove Brook with proposed 
installations of 10,800 hp. and 90,000 hp. respoectivoly. 


2e Nova Scotia Light and Power Company Limited 

(a) Lequille, Allain (Lequille) River: Construction was commenced in 
1959 on a singlc-umit 7,500-hp. plant for scrvice in 1961. The 
necessity for carly completion of this plant has boen rondcred less 
urgent, howevor, by interconnection of power systems in Nova Scotia 
and New Brunswick. As a result, completion date for the plant has 
been postponed to 1963. 

(b) Under active considcration is a singlo-unit 6,500-hp. development 
at Alpena on the Nictaux River with completion date scheduled for 1964. 


Newfoundland 

Te United Towns Electric Company Limited 
Heart's Content, Heart's Content River; A single 3,200-hp. wit was 
installed to replace two smaller units which wore dismantled. The 
total capacity of the dismantlcd units was 2,100 hp. 

Ze Iron Ore Company of Canada 
Menihck Rapids, Ashuenipi River: Thc capacity of the plant was doubled 
by the addition of onc 12,000-hp. wit. 

3. Southern Nowfoundland Power and Development Limitcd 
Salmon River at the head of Bay a'Bspoir: Proposed for construction 
is a development with a total capacity of up to 350,000 hp. Initial 
installation is expected to consist of two units of 38,500 hp. cache 

4, Hamilton Falls Power Corporation Limited 
Twin Falls, Unknown River: Construction proceeded for the install- 
ation in mid-1962 of two 60,000=<hp. wits as part of an ultimate 
development of 350,000 hp. This development is located on a tributary 
of the Hamilton River and is one of three subsidiary projects which 
may be built prior to construction of the main features included in 
the plan for Hamilton River development. 

5e Bowater Power Company Limited 
Hinds Brook: The Company proposes to install a 54,000=hp. development 
operating under a head of about 685 focte 


Yukon and Northwest Torritorics 


Northern Canada Powor Commission 
Snare Falls, Snare Rivor, N.W.T.: A single 9,200=hpe wit was 
installed during the yoar, with provision made for a socond unit 
of the same capacity when required. 


GROWTH OF WATER POWER DEVELOPMENT 


Sineo the inception of long-distance transmission of electricity near 
the beginning of the present century, water powcr devolopment in Canada has 
undergono a remarkable growth, the total installation of 177,525 hpe at the 
end of the year 1900 being insignificant in comparison with the 26,575,444 hp. 
installed by the end of 1960. The rapid and continuous growth in installed 
capacity is illustrated in the diagram on the following page which shows the 
total instellation in millios of horsepower at the end of each year for the 
period 1900 to 1960, The installed capacity of the Province of Nowfoundland 
has been included in the total for Conada from 1949 onward. 
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TOTAL WATER POWER INSTALLATION IN CANADA 


1900-1960 
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Since 1900, the rate of growth in the total capacity of water power 
installations in Canada has tended to accelerate. The average annual 
increase of 56,000 hp. in the period 1900-1905 was stepped up sharply in 
subsequent years, due largely to improvements in electric power transmission 
and to the building by utilities of large hydro-electric stations. During 
the period 1906-1922, development proceeded at the fairly uniform rate of 
150,000 hp. per year. As a result of the heavier demand for electricity 
during the prosperous 1920!s, the rate of installation increased appreciably 
in 1923 and continued at a nearly uniform rate of 377,000 hp. per year for 
the period 1923-1935. As large-scale hydro-electric projects require a long 
construction period, their completion tends to lag behind the demand for 
electric power which-responds quickly to general economic conditions. The fall 
in pewer demand during the early 1930's is an illustration of this tendency -- 
projects under way were completed but the economic depression resulted in a low 
rate of installation during the years 1936-1939. The great demand for power for 
war purposes accounts for the high average rate of increase of 81,000 hp. per 
' year during the period 19l,0-19)3. Few developments were undertaken in the later 
war years or in the immediate post-war period, so that only a small amount of 
new capecity came into operation from 19h to 1917 inclusive. However, the 
results of the later post-war programme of construction are apparent in the 
amount of growth during the thirteen-year period 1918 to 1960 inclusive when 
the average rate was over 1,200,000 hp. per year. Although estimates indicate 
only a moderate increase in installed capacity for 1961, present programmes of 
expansion point to the continuation of a rapid rate of growth for subsequent 
years, 


COAL EQUIVALENT OF DEVELOPED WATER POWER 


Apart from its production from water power, electric energy in large 
amounts is produced by thermal plants. The greater part of the total thermal- 
electric generation is derived at present from steam plants which burn coal; 
however, oil and natural gas are used also. The importance of water power in 
the economy of power production may be represented by the amount of coal which 
would have been consumed if steam had been used to produce the total amount of 
power realized from hydro-electric sources during 1960, 


The total electric energy generated from water power in Canada during 
1960 was about 105,77h,000,000 kwh. Assuming that one pound of coal rated at 
12,000 B,T.U. per pound is required to produce one kilowatt-hour of electrici- 
ty by thermal-electric generation, the total 1960 water power output is 
equivalent to the burning of 52,887,000 tons of such coal, which would be in 
addition to the estimated 1960 consumption of 23,600,000 tons of coal of all 
types. 


UTILIZATION OF INSTALLED WATER POWER CAPACITY 


For the purpose of showing the general manner in which developed water 
power in Canada is utilized, Table II lists the hydraulic installation of 
each province and of the territories under two divisions, namely "Utilities" 
and "Industries". These are discussed on the following pages. 
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TABLE IT 


DISTRIBUTION OF INSTALLED WATER POWER CAPACITY 


At End of Year 1960 


Turbine Installation - hp. 


Province (—_—— 


or Territory Utilities 4 Industries : Total 
ui : fs : S : in 
British Columbia LO eS L, (80,381 SOO. 326 
Alberta ) 113,390 1,065 hh 455 
Saskatchewan Teo 6,635 gs BS 
Manitoba Pee O08, 15,900 988,900 
Ontario e371 0 b0 13, 402 7,814, 562 
Quebec 3,81,2,978 3,597,167 12 40a 
New Brunswick 227,940 20,316 254,258 
Nova Scotia . 169,345 Paton 181,538 
Prince Edward Is. 240 Nee 30, 1,660 
Newfoundland rath ge 8) aS feu 384,025 
Yukon and N.W.T. 40,740 19.700 60,440 
Canada _ 2OCs5L OL Pa Pe. 20137 
Percentage At 23 100 
Utilities 


The classification "Utilities", listed in Column 2 of the preceding table, 
covers companies, municipalities or individuals who sell most of the power they 
develop. In some instances it includes also certain subsidiary companies 
whose main purpose is to develop and sell power to a parent company for 
industrial purposes. The total of 20,354,543 hp. of installed capacity in 
hydro-electric plants operated by utilities represents 77 per cent of Canada's 
total installed capacity as at 31 December 1960. 


Industries 


The classification "Industries" in Column 3 of Table II includes those 
companies or individuals who develop power mainly for their own use. While 
the figures indicate that industries have developed only 23 per cent of 
Canada's total installed water power capacity, it must be emphasized that, 
in addition to the power generated in their own plants, industries purchase 
large amounts of power from utilities. For example, of the total of 32,291 
million kilowatt-hours of electric energy made available in 1959 by the Hydro- 
Electric Power Commission of Ontario, about 28 per cent was sold direct to 
industrial customers. A discussion of the importance of water power in the 
pulp and paper industry and in the mineral industry, the largest users of 
this source of energy, follows; 
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The pulp and paper industry, which operated at below rated capacity 
during 1960, is one of the world's great industrial enterprises. In 1959, 
Canada's total mill capacity for the production of newsprint paper was over 
seven million tons per year which is much greater than that of any other 
country. (Canada is second only to the United States in the production of 
wood pulp). <Ahout 93 per cent of the manufactured newsprint is exported, 
making the industry a particularly important contributor to Canada's export 
trade balance. 


The pulp and paper industry is 2 major industrial user of water power 
in Canada, its electricconsumption representing about 19 per cent of the 
total electric energy produced in Caned=. In 1959, the industry generated 
about 4,753 million kwh. for its own use and purchased an additional 14,618 
million kwh. Most of the total of 19,371 million kwh. purchased or generated 
was produced by water power, 


The relationship between the pulp and paper industry and water power 
development is an intimate one in that each contributes substantially to 
the other's expansion. As the manufacture of newsprint requires a mechanical 
installation of about 100 hp. for each ton of daily output, an ample supply 
of power at reasonable cost is essential to the industry. 


In the mineral industry, although enly a small number of water power 
plants are used directly to serve mining operations, smelting and refining 
operations require large amounts of hydro-electricity. In 1959 the mineral 
industry consumed about 21,349 million kwh. of electric energy, representing 
about 21 per cent of the total generated in Canada. Of the total consumed, 
more than 15,600 million kwh. was utilized in the smelting and refining of 
metals. Most of this amount was used for the production of aluminum, While 
Canada has no known deposits of bauxite, the availability of low-cost hydro- 
electric power has fostered the establishment of an aluminum industry 
which produces one-quarter of the world's supply of this metal. 


The incidence of large water power resources in those regions of Canada 
in which the more important mineral discoveries have been made has greatly 
facilitated mining development. Metal mining, which forms an important part 
of the mining industry in Candda, is carried on mainly in two principal 
physiographic regions, the western Cordillera and the Canadian Shield. The 
topography of the mountainous regions and the relatively high amounts of 
precipitation experienced are two factors favourable to the development of 
water power, large quantities of which are used in mining and smelting 
operations. The Canadian Shield, a Precambrian formation in which many 
important metalliferous ores are found, forms a wide are around Hudson Bay. 
The region has been heavily glaciated in recent geological times with the 
result that its river systems are comparatively young and are characterized 
by numerous lakes joined by short sections of rapids and falls, Many of these 
rivers and falls constitute suitable sites for the development of the hydro- 
electric power which is conducive to economic mining operations, The value 
of water power to mining operations is evident in the fact that Canada's 
asbestos industry, which in 1959 produced approximately half of the total 
world supply, depends almost exclusively upon hydro-electric power. 
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INSTALLED WATER POWER CAPACITY IN RELATION TO POPULATION 


Tables III and IV show Canada's installed water power capacity in 
relation to population, Table III lists the estimated population of each 
province and of the territories on 31 December 1960 in comparison with tne 


installed capacity of existing water power developments, 


Table IV lists 


the provinces and the territories in order of magaitude with respect to 
popuiation, to total water power installation, and to per capita installation. 


The figures listed for installation per thousand of population in the 
provinces and territories reflect in part the extent and character of the 


utilization of water power in each, 


The average for the whole country is 


1,481 hp, per thousand of population, a factor which places Canada in an out- 
standing position with respect to water power development, second only to 


Norway among the countries of the world, 


On the basis of 


available informa- 


tion, Canada is exceeded only by the United States of America in total water 


power installation, 
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SE ee aes 3.700 , 320 ae 000 
Alberta 414.455 1,283,000 
Saskatchewan 132,135 910, 000 
Manitoba 9&8, 900 899,000 
Ontario 7,814, 562 6,089, 000 
Quebec Lear LAS 5,106,000 
New Brunswick Aly eo 600,000 
Nova Scotia 184,538 723 4000 
Prince Edward Is. 1,660 103,000 
Newfoundland 384,025 459,000 
Yukon & N,W,T, 60,440 26,000 
Canada 26 375,444 17,814,000 
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:Provinces and Territories in order of magnitude with respect to: 


Order of: 


Magnitude: Population 


First 
Second 
Third 
Fourth 
ato 
Sixth 
Seventh 
Bighth 
Ninth 
Tenth 
Eleventh 


Ontario 

Quebec 

British Columbia 
Alberta 
Saskatchewan 
Manitoba 

Nova Scotia 

New Brunswick 
Newfoundland 
Prince Edward Is, 
Yukon and N.W,T. 
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Installation 
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BULLETIN No. 2721—62 MARCH 1963 


DEPARTMENT OF NORTHERN AFFAIRS AND NATIONAL RESOURCES 
WATER RESOURCES BRANCH 


The following bulletins are issued annually by 
the Water Resources Branch: 


"Development of Electric Power in Canada" 
"Water Power Resources of Canada" 
"Principal Power Developments in Canada" 


Copies of these bulletins are available free of 
charge from the Director, Water Resources 
Branch, Department of Northern Affairs and 
National Resources, Ottawa 4, Canada, 


Photographs were provided through the courtesy of the 
following organizations: 


Saskatchewan Photographic Services 
The Shawinigan Water and Power Company 
The Hydro-Electric Power Commission of Ontario 
British Columbia Department of Recreation 
and Conservation 


TABLE OF CONTENTS 


Winters Power mnesources of Canada <2 6. «<6 6.ae cs cau 


Total Available and Developed Water Power......... 


Od) eel 8. fe: 


oO) 8, isle. Ce 


Distribution of Water Power in the Provinces and Territories . 


Development of Water Power Resources. ........... 


Pat SGCOTECA MOUIIITIA DY cela sed: wa ww le cel (esas ane aoe lo 6 oie 


Peeune Cs SRI MOG 2g ores cele fet sal s/o 6, tae gt niles ° 


Beto sam Goluraptawe sats ski st come ol ssteite iene am ochre 


JNM OV SHS ory, soeey Helen CUCM CAS Cee AME PCE ae eer 


SaSikkatChe Wail vere sig, conta ce fa) Poe e cows Nes oy. outers 


JING ath rey oth Cay yo ee Al i, couetacekclie oy IAM Oa Rear ee 


OptaclOwrende nce ven. Me tins hale eure Betis kas teal tou, ciateebue 
Quehbe cee eae ee cae cee dam isemco heer ie ws 
DN eae seu) caval cuetranrc ue: (An sates sles Ore Yous es) a oi ca Rep ete 


NOVA O.COLLA re emer een sae cs 6 2 Ah cet Rae Me ay sae 


Coal Equivalent of Developed Water Power.......... 


Utilization of Installed Water Power Capacity........ 


Installed Water Power Capacity in Relation to Population 


C, 0. 6 ellie: Je 


, jee ee 


@: @) (6 6 4, 8 


6 ¢ € 6 «© \¢ 


oe ¢e © « «@ 


o Wek Cty Oye 


e') <0) 8.60 Te; 10 


© ene) @ oie) Ge 


10 


14 


14 


16 


16 
18 
18 
19 
1 
20 
aI 
22 
Le 
Zo 


ra) 


24 


27 


utes ea 
arimetnoy 1 Saar 
a - . iV 


sa W boc tows 

. . 
| rs 7 
: 4 a, ne <t eel. cewod vera" 
| | np laden iy) is 


<s ” o. srernny 


py Ty 2 ah nya qu 
r . 1. at —_ 
; ¥ Aa = 
- / : tf ’ , : 4 a Ve 
hw) . - . oe teaiod bo 
7 . i . «se Yel ee Pas s oe Sen 


= ” ° l Ls “a ee 7 
fi : van 4 a 7 : 7 
ra ee i; yupi’aetla eS Oe ya 
= | P wieaces Hews - ry 
7 y ah y 


‘icellergiiee, +” 


: nitao® at 
| 7, ee linratwe si) 


| : ya: 


7 ni sotra rot es) dix Ai 
> : } ” we , i 4 iaok 
| ; My os 2 


7 7 ‘| a> 9 . : 
Nia 7 | ' . W ben ore: on 
| Davy gee oe - 

Py agers id 
oid inure yea tha wba 
ee a eieL 7 


WATER POWER RESOURCES 


Oo F Cc AN A D A 


The Water Resources Branch of the Department of Northern 
Affairs and National Resources presents its annual review of Canada's 
water power resources and of their development to the end of 1962, 
Salient features such as the development of water power resources, 
distribution of resources in the provinces and territories, current 
progress in construction of generating stations, and industrial utilization 
of power are discussed briefly. 


One of the most important factors in Canada's economic develop- 
ment has been the availability of large quantities of low-cost electric 
power. Less than 50 years ago, the Canadian economy was based essen- 
tially upon the export of agricultural products and raw materials, most of 
the latter going to feed the manufacturing industries of other countries; 
today, the part played by industry in the nation's economy is one of vital 
importance, The transition to a more highly industrialized economy has 
been accompanied by a steady expansion in electric generating facilities, 


5 


principally of hydro-electric origin. The close relationship between 
electric power development and industrial expansion is particularly 
evident in southern Québec and Ontario, Although they lack indigenous 
coal, these regions are the most highly industrialized in the country, 
largely through the development and use of their abundant water power 
resources, 


At present, most of Canada's electric power demands are 
satisfied from hydro-electric sources, By the end of 1962, the country's 
total installed hydraulic capacity had grown to 27,103,562 hp.* Of this 
total, 415,468 hp. of new capacity was placed in service during 1962. 
Within the next few years, a number of developments, at present under 
construction, will add very substantially to the nation's total hydro 
capacity. 


The last few years have seen a marked trend towards the use of 
thermal facilities for generating electric power. This is due in part to 
the fact that most of the hydro-electric sites considered within economic 
transmission distance of demand centres had been developed and planners 
had looked elsewhere for sources of electric power to satisfy growing 
requirements, It is due alsoto increasing recognition of the benefits of 
integrating the operation of hydro and thermal plants. Advances in the 
techniques of extra-high-voltage transmission are providing, however, 

a renewed impetus to the development of a number of water power sites 
previously considered too remote, The promise of greater effectiveness 
in the use of water power resources inherent in the development of long- 
distance transmission facilities, led the Government of Canada to convene 
a federal-provincial conference in 1962 to discuss the problems involved, 
not only in the transmission of electrical energy over long distances, but 
also in the possible formation of a national power grid, 


TOTAL AVAILABLE AND DEVELOPED WATER POWER 


Table I lists by province or territory the estimated total water 
power resources of Canada and the total existing capacity of all water 
power plants, determined from the records of the Water Resources 
Branch, Under agreement with provincial authorities, the Branch carries 
out hydrometric investigations on rivers throughout the country and 
maintains continuous streamflow records accumulated from many 
sources, Estimates of available power are revised as long-term stream- 
flow records and detailed information on potential power sites are 
obtained, Close liaison is maintained with the Dominion Bureau of 
Statistics in the collection of information on developed water power and 
power output. 


* The total thermal-electric capacityat the end of 1962 was slightly 
more than 5.7 million kilowatts, 


_ 
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TABLE | 


AVAILABLE AND DEVELOPED WATER POWER IN CANADA 


at 31 December 1962 


Available Continuous Power 
Province at 80% Efficiency Installed 
or Turbine 


At Ordinary At Ordinary 


Territory Min, Flow pea cetr thi, E ieee) 
hp hp. 
(1) (2) (4) 

British Columbia 18,200,000* 19,400,000* 3, (0), 326 
Alberta 911,000 2,453,000 414,455 
Saskatchewan 552,000 L131 000 142,135 
Manitoba 4,758,000*% 8 ,454,000%* 988,900 
Ontario 5,496,000 7,701,000 U, 909,09 0e 
Québec 12,557 ,000%** 23,711,000*** | 12,816,845 
New Brunswick 123,000 334,000 309,726 
Nova Scotia 30,500 177,000 204,538 
Prince Edward Island 500 3,000 1,660 
Newfoundland 1,608,000 3,264,000 504,025 
Yukon Territory 4,678,000%* 4,700,000%* 38,190 
1,367,000* 1,791,000* 22,250 


Northwest Territories 


CANADA 50,281,000%* 73,123,000* 27,103,562 


* These figures reflect the effect of possible streamflow regulation 
based on known storage potentials, 


** These figures show a significant increase as a result ofa recent 
major review of the records maintained by the Water Resources 
Branch and the Manitoba Water Control and Conservation Branch. 


**%* These figures undoubtedly will be revised substantially upon 
completion of a review of water power resources now being carried 
out by the Québec Department of Natural Resources with the co- 
operation of the Water Resources Branch, 


ts 


Avatlable Water Power 


Column 2 of Table I lists the estimated continuous power ordi- 
narily available during periods of low discharge under existing conditions 
of river flow. These estimates are based upon the "Ordinary Minimum 
Flow'', which is the average of the mean flows for the two lowest periods 
of seven consecutive days in each year covered by the period of record, 


Column 3 lists the estimated dependable maximum power based 
on the "Ordinary Six-Month Flow'', which is the dependable streamflow 
usually available for a least six months in the year under existing flow 
conditions, 


On rivers for which there are no discharge records, estimates of 
flow are made from available information relating to runoff in the same 
general area, 


The hydraulic head used in calculating available power is based 
upon the actual drop, or feasible concentration of head, which has been 
measured, or at least carefully estimated, at existing falls, rapids and 
known power sites, No consideration has been given to possible economic 
concentrations of head on rivers and streams of gradual gradient, except 
at those locations where the available head has been definitely established 
by field investigations, 


It should be emphasized that the figures of available power in 
Columns 2 and 3 represent only the minimum water power possibilities 
of Canada, Many unrecorded power sites exist on rivers and streams 
throughout the country, particularly in the less explored northerly 
districts, As power surveys are extended, detailed information on new 
sites will become available, and undoubtedly, substantial additions to 
present figures of available power will result, With the exception of 
British Columbia and the Yukon Territory, estimates of available power 
are based upon existing river flows and do not take into account the 
benefits of streamflow regulation that would result from the development 
of storage potential, In addition, it should be pointed out that the figures 
of available power do not include the power potential of major river 
diversions that have been investigated but not developed, For example, 
the potential of the Chilko River itself has been included in the total for 
British Columbia, but the potential of the Chilko-Homathko River 
diversion, quoted in some publications as 1,000,000 hp., is not included. 
Several other major diversion possibilities exist, particularly in British 
Columbia, where topographical conditions make rearrangements of flow 
possible, 


Developed Water Power 


The figures of installed turbine capacity, listed in Column 4 of 
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. Maurice River 


Interior of the powerhouse at Trenche hydro 
on the St 


Table I, are the totals of plant capacities based upon the manufacturer's 
rating as indicated on the name-plate of each unit, In exceptional 
circumstances where, subsequent to the initial development, a change in 
the normal operating head has been effected, a rating based on the new 
normal operating head is used, 


The maximum economic turbine installation at any power site can 
be determined only by careful consideration of all the conditions and 
circumstances pertinent to its individual development. It is the usual 
practice, however, to install turbines which have a total capacity inexcess 
of the power equivalent of the ordinary six-month flow at the site, This 
additional capacity may be installed for use at peak-load hours or to 
facilitate plant or system maintenance, or to take advantage of periods 
of high river flow. In some instances, subsequent to initial development, 
storage dams have been built to provide more uniform river flows, In 
others, deficiencies in power output during periods of low flow have been 
offset by auxiliary power from thermal-electric plants or by interconnec- 
tion with other hydro-electric plants, which operate under different load 
conditions or are located on rivers having different flow characteristics. 


The extent to which the installed capacity exceeds the power 
equivalent of the ordinary six-month flow is dependent upon the factors 
which govern the system of power-plant operation, and varies widely 
in different areas of the country. In some individual developments, the 
difference may amount to as much as several hundred per cent. For this 
reason, the figures in Column 4 are not directly comparable with those 
in Column 3, For the same reason, it is not feasible to forecast future 
capacity installation based upon estimates of available water power, 


DISTRIBUTION OF WATER POWER IN THE PROVINCES 
AND_TERRITORIES 


Although extensive use is being made of Canada's water power 
resources at the present time, many large power sites in various parts 
of the country have yet to be developed, In northern regions, it is 
probable that the existence of large amounts of potential water power will 
prove to be a factor of prime importance in the eventual realization of 
the natural wealth of Canada's North, 


Table I indicates the manner in which available water power and 
installed turbine capacity in Canada are distributed throughout the 
provinces and territories. A review of the table shows that substantial 
amounts of water power have been developed in all the provinces except 
Prince Edward Island, where water power resources are relatively 
insignificant. As the development of Canada's natural resources 
proceeds, the fortunate incidence of water power in proximity to mineral 
deposits, pulpwood and other natural resources becomes increasingly 
apparent, 
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Robert H. Saunders - St, Lawrence Generating Station and Robert Moses 
Power Dam spanning the St. Lawrence River between Canada and the United 
States. In the background can be seen the Long Sault Dam, 


BRITISH COLUMBIA, traversed by three distinct mountain ranges 
and with, generally speaking, a high rate of precipitation, has many 
mountain rivers offering abundant opportunity for the development of 
hydro-electric power, In terms of recorded available water power 
resources, the province ranks second in Canada, and is exceeded only by 
Québec and Ontario in the amount of capacity installed. 


Notable for the magnitude of their power potential are such rivers 
as the Columbia, Fraser, Peace and Stikine. Up to the present time, 
however, hydro-electric developments on smaller rivers in the southern 
part of the province have been called upon to supply the major load 
requirements of British Columbia, The immense power resources of 
the larger rivers have gone unused, largely due to considerations 
associated with international agreement on development, conflicts of 
interest between fisheries and power development, or because of 
comparative remoteness from present demand areas, 


In March 1962, as a result of legislation enacted by the 
Government of British Columbia, the former British Columbia Power 
Commission and the British Columbia Electric Company Limited were 
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amalgamated to form the provincially-owned power producing and 
distributing agency known as British Columbia Hydro and Power 
Authority, The Authority, with a total installed hydro-electric capacity 
of 1.7 million hp., is the province's foremost producer of electric power. 


In ALBERTA, the principal hydro-electric developments are 
located on the Bow River and its tributaries, and from these develop- 
ments, Calgary Power Ltd, serves most of the southern part of the 
province, Substantial water power resources are located in northern 
regions of the province, but these are somewhat remote from present 
centres of population, Alberta's abundant reserves of coal, oil and 
natural gas are used to fuel the thermal-electric plants which supply a 
large part of the province's electric power requirements, 


In SASKATCHEWAN, large water power resources exist in the 
central and northern parts of the province, principally on the Churchill, 
Fond du Lac, and Saskatchewan Rivers, At present, hydro-electric power 
generated in the province is used almost exclusively for mining purposes 
in northern areas, However, by the end of 1963, first power from 
developments at present under construction in the Saskatchewan River 
basin will be fed into the transmission network of the provincially-owned 
Saskatchewan Power Corporation, which serves the more settled areas 
of the province, These areas are now served by thermal-electric plants 
fuelled by coal, oil, or natural gas, all of which are found in considerable 
quantity in the province, 


Of the three Prairie Provinces, MANITOBA, with immense hydro- 
electric capabilities on the Winnipeg, Churchill, Nelson and Saskatchewan 
Rivers, is the most generously endowed with water power resources, 
Until recently, hydro-electric generating stations on the Winnipeg River 
have supplied most of the electric power requirements in southern 
Manitoba, With the advent of high-voltage, long-distance transmission, 
however, power from hydro-electric stations on northern rivers will be 
carried southto help meet the province's constantly growing power 
demands, 


ONTARIO has been favoured with abundant water power resources, 
Ithas, however, developed the greater part of its recorded available power 
with the result that it surpasses all of the provinces except Québec in 
terms of installed hydro-electric capacity, The Hydro-Electric Power 
Commission of Ontario, the largest power-producing and distributing 
organization in Canada, operates sixty-seven hydro-electric generating 
stations with a combined installed capacity of approximately 7,000,000 hp, 
The Commission's largest water power development is located on the 
Niagara River at Queenston, where the Sir Adam Beck - Niagara 
Generating Stations Nos, 1 and 2, and the associated pumping-generating 
station have a combined capacity of 2,521,000 hp. In addition to the 
power generated in its own plants, the Commission purchases large 
amounts of electric power generated outside the province, chiefly 
in Québec, 
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QUEBEC is richest of all the provinces in water power resources, 
possessing more than 30 per cent of the total recorded for Canada, 
Québec also leads in developed water power - its present installation of 
12,816,845 hp. representing about 47 per cent of the national total, The 
largest single hydro-electric installation in Canada is the Québec Hydro- 
Electric Commission's 2,161,000-hp, Beauharnois development on the 
St. Lawrence River, Also notable are the Commission's Bersimis I 
development on the Bersimis River with an installed capacity of 
1,200,000 hp., and the Aluminum Company of Canada Limited's 
1,200,000-hp. Shipshaw plant on the Saguenay River, A major power 
scheme which will represent a significant advance in the development of 
Québec's hydro-electric resources is now in course of construction by 
the Québec Hydro-Electric Commission, This scheme, involving the 
harnessing of the headwaters of the Manicouagan and Outardes Rivers, 
will eventually make available nearly 6,000,000 hp, of new capacity at 
new and existing developments on the two rivers, 


Power production in the province is facilitated by the regulation 
of streamflow by the Québec Department of Natural Resources through 
the storage dams which it owns and operates, 


The mandate given to the government of the province by the people 
of Québec at the elections in November 1962 may result in action to bring 
eleven privately-owned utilities under public ownership. 


The water power resources of NEW BRUNSWICK and NOVA 
SCOTIA, although small in comparison with those of other provinces, are 
a valuable source of energy and are being well utilized. Numerous rivers 
in both provinces provide moderate-sized power sites either within 
economic transmission distance of the principal cities and towns or 
advantageously situated for use in development of the timber and mineral 
resources, These provinces also are favoured with abundant indigenous 
coal supplies, In PRINCE EDWARD ISLAND, there are no large streams 
and consequently water power plants are limited in size to those used for 
small mills, 


The water power resources of NEWFOUNDLAND, determined on 
the basis of limited streamflow data, are estimated to be of considerable 
magnitude, On the island, although the length of the rivers is generally 
not great, topography and runoff are favourable for hydro-electric power 
development, Of the substantial capacity installed, a very large portion 
serves the pulp and paper industry, In Labrador, the Hamilton River and 
its tributaries constitute one of the largest undeveloped sources of water 
power in Canada, 


The YUKON TERRITORY and NORTHWEST TERRITORIES, which 
together comprise Canada's northland, possess extensive water power 
resources, Power from present developments is used exclusively to 
satisfy the needs of local mines and adjacent settlements. Due to the lack 
of developed native fuel sources and to transportation difficulties, water 
power is of special importance in the development of mining areas such 
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as at Yellowknife in the Northwest Territories and at Mayo in the Yukon 
Territory. In 1948, to encourage the development of the resources of 
northern Canada, the Federal Government established an agency, now 
known as the Northern Canada Power Commission, to be responsible for 
the construction and management of public utility plants. The Deputy 
Minister of Northern Affairs and National Resources is Chairman of the 
Commission and the Director of the Water Resources Branch is a 
Member, 


In the YUKON TERRITORY, most of the resources are located on 
the Yukon River and its tributaries, The possibility exists of diverting 
the headwaters of the Yukon River through the Coast Mountains to utilize 
a high head near tide water in northern British Columbia, Sucha 
development, however, would affect adversely the potential of sites on the 
main river, 


Resources in the NORTHWEST TERRITORIES have not been 
surveyed to the same extent as those in the Yukon Territory, but they are 
nevertheless known to be of considerable magnitude, Extensive water 
power resources exist on rivers flowing into Great Slave Lake, Of major 
significance is the hydro-electric potential existing on the South Nahanni 
River, which drains to the Mackenzie River via the Liard River, On the 
basis of preliminary investigations, it is estimated that, with total 
regulation and complete use of the head susceptible of development, the 
hydro-electric potential of the South Nahanni River would total at least 
one million continuous horsepower, Indications are that the rivers 
draining the Keewatin District, lying north of Manitoba, also will 
contribute materially to the total power potential of the Northwest 
Territories, 


DEVELOPMENT OF WATER POWER RESOURCES 


Water power development in Canada has undergone remarkable 
and sustained growth since the beginning of the century. The diagram on 
page 15 illustrates this growth in terms of the expansion in installed 
turbine capacity over the years from 1900 to 1962, 


Historical Summary 


From a modest total of 177,323 hp, installed at the end of 1900, 
Canada's total turbine capacity has grown to the significant total of 
27,103,562 hp, at the end of 1962, 


Over the years, the rate of growth in the total water power 
capacity in Canada has tended to accelerate, The ave rage annualincrease 
from 1900 to 1905 was 56,000 hp. From 1906 to 1922, the rate increased 
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sharply to about 150,000 hp. annually, due largely to improvements in 
electric power transmission and to the increasing emphasis on large hydro- 
electric stations. As a result of the heavier demand for electricity during 
the prosperous 1920's, the rate of installation increased appreciably in 
1923 and continued at a fairly uniform rate of 377,000 hp, per year until1935. 


As large-scale hydro-electric projects require a long construction 
period, their completion tends to lag behind the electric power demand 
which responds quickly to general economic conditions, The fall inpower 
demand during the early 1930's is an illustration of this tendency - 
projects under way were completed but the economic depression resulted 
in a low rate of installation during the period 1936-1939, The great 
demand for power for war purposes accounts for the high average rate of 
increase of 481,000 hp. per year during the period 1940-1943, Few new 
developments were initiated in the latter years of the war or in the 
immediate post-war period, so that, from 1944 to 1497, only a small 
amount of new capacity came into operation, Soon after the war, however, 
the programme of construction of hydro-electric plants gained momentum, 
and the results are apparent in an average annual rate of installation 
exceeding 1,200,000 hp, during the period 1948 to 1960, In sharp contrast 
are the comparatively moderate net totals of 294,650 hp, and 415,468 hp, 
of new capacity put into service in 1961 and 1962 respectively. A 
resumption of the previous high rate of installation can be expected in 
1963 however, when a number of hydro-electric projects at present under 
construction are completed, 


Progress During 1962 


The 1962 increase of 415,468 hp. in Canada's total hydro-electric 
turbine capacity was almost 50% greater than the 294,650 hp, brought into 
service in 1961, Moreover, on the basis of present information, 1963 
should see a greater number of completions in the hydro-electric field, 
with an anticipated 1,2 million horsepower of new capacity being brought 
into operation, Estimates for the years following 1963 indicate an 
expansion in hydro-electric facilities of almost 8 million horsepower, 


A detailed review of new and prospective water power develop- 
ments is presented in Water Resources Branch Bulletin No, 2720-62, 
"Development of Electric Power in Canada - Progress Report 1962", 
issued in January 1963, However, the following summary lists the hydro- 
electric developments completed or under construction during 1962, or 
proposed for construction within the next few years, 


British Columbia 


CONSOLIDATED MINING AND SMELTING COMPANY OF CANADA LTD, 


Waneta, Pend d'Oreille River: Installation of a third 120,000-hp. 
unit continued on schedule and is expected to be completed 


16 


Waneta hydro-electric plant on the Pend d'Oreille River, 
British Columbia 


in April 1963, Present total capacity of the plant is 240,000 hp. 
in two units, 


BRITISH COLUMBIA HYDRO AND POWER AUTHORITY 


1, Portage Mountain, Peace River: Two contracts for preliminary 
work connected with development of the Peace River were 
completed in 1962, Contract for the main dam at Portage Mountain 
site is expected to be awarded in 1963 and first power is scheduled 
for 1968. 


2, Columbia River: Investigation of Duncan Lake, High Arrow and 
Mica storage projects was continued, These three projects, 
development of which constitutes the basis of the Columbia River 
Treaty signed by Canada and the United States in 1961, would be 
capable of controlling approximately twenty million acre-feet of 
usable storage in Canada, The Treaty provides that Canada will 
receive half of the power benefits resulting in the United States 
from the regulation of 15.5 million acre-feet of this storage, and 
half the value of the estimated flood damage prevented in the 
United States through operation of the projects for flood control, 
The Treaty has not yet been ratified by Canada, 


Alberta 


CALGARY POWER LTD, 


Big Bend, Brazeau River: The storage dam was completed and 
construction of the powerhouse continued at this site, about 

15 miles upstream from the confluence of the Brazeau and North 
Saskatchewan Rivers, A single 200,000-hp. unit is expected to be 
in service late in 1964, The installation of additional units would 
necessitate increasing the height of the storage dam above the 
level to which it is now being built, 


Saskatchewan 


SASKATCHEWAN POWER CORPORATION 


1, Coteau Creek site, South Saskatchewan River: Construction 
continued on the South Saskatchewan River Project which is being 
developed by the Prairie Farm Rehabilitation Administration 
primarily for irrigation purposes, Associated power facilities 
will be incorporated at the main dam by the Saskatchewan Power 
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2. 


Corporation, which plans an initial installation of three units of 
about 60,000 hp, each, and provision for two additional units to 
give the project an ultimate capacity of 300,000 hp, 


Squaw Rapids, Saskatchewan River: Construction continued at this 
development which, when completed, will comprise 375,200 hp, in 
eight units, The first four units will be commissioned at intervals 
from February to September 1963, two others in 1964 and the 
remaining two in 1966, 


Manitoba 


MANITOBA HYDRO 


Grand Rapids, Saskatchewan River: Construction of this develop- 
ment went ahead on schedule, Initial installation will consist of 
three 150,000-hp, units, two of which are scheduled to go into 
service in late 1964 and the third in early 1965, Provision is 
being made for a fourth unit, 


Ontario 


THE HYDRO-ELECTRIC POWER COMMISSION OF ONTARIO 


I, 


Otter Rapids, Abitibi River: Operation of this plant commenced in 
1961 with the installation of two 60,000-hp. units. Two more units 
of the same capacity are scheduled for service in 1963, Provision 
for four additional units has been made to the extent that the 
headworks structure and headgates for the units have been 
installed, 


Mattagami River: Active progress was reported on construction 
at two of three developments which will be located on a 12-mile 
reach of the river in the general location of the existing Smoky 
Falls hydro-electric station, Initially, a combined total of 
544,000 hp, is scheduled to be installed at the three developments, 
Provision is being made for the eventual installation of an 
additional 544,000 hp, 


Little Long: The current construction programme calls for 


the installation of two 84,000-hp, units in 1963, with provision for 
a further two units ata later date, 
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Harmon: Initial construction started at this site where the 
Commission plans to install two 94,000-hp, units by 1965, 
Provision will be made for two additional units. 


Kipling: Topographic surveys and diamond drilling were 
carried out in 1962 to determine the most suitable arrangement 
for the proposed earth dams, By 1966 the plant is expected to 
have two 94,000-hp. units in operation, with provision for two 
additional units. 


GREAT LAKES POWER COMPANY LIMITED 


1, Site 2A, Montreal River: Consideration is being given to the 
construction of a single-unit 20,000-hp. plant at this site, The 
schedule indicates initial operation in 1964, 


2. Lower Falls, Montreal River: The Company is considering the 
addition of a third unit at this plant, The proposed 28,000-hp, unit, 
to go into service in 1966, would increase the total generating 
capacity of the plant to 50,000 hp, 


Québec 


QUEBEC HYDRO-ELECTRIC COMMISSION 


1, Carillon, Ottawa River: The first four units of 60,000 hp, each, 
saw initial service in 1962, Eight other units are scheduled for 
installation in 1963, and the project should be complete in 1964 
with a total installed turbine capacity of 840,000 hp. in fourteen 
units, 


2, Rapid II, Ottawa River: The Commission continued studies ona 
proposal to increase the installed capacity of this plant. The 
proposal involves the addition of a 16,000-hp. unit to bring the 
plant to its ultimate capacity of 64,000 hp, in four units, No 
decision has been announced as yet concerning the date of 
installation of this proposed unit, 


3, Manicouagan and Outardes Rivers: Considerable progress was 
reported on construction of a multi-development project, designed 
to realize some 3,650,000 hp, at three sites on the Manicouagan 
River and a further 1,440,000 hp, at two sites on the Outardes 
River, In addition, regulation from upstream reservoirs will 
permit capacities at existing plants on the two rivers to be 
increased by 627,000 hp, 
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Manicouagan 5: Construction of the huge dam at the 
Manicouagan 5 site was started in 1962, At this site, just below 
the outlet of Manicouagan Lake, the Commission proposes to 


install eight units with a total turbine capacity of approximately 
1.5 million horsepower, 


Manicouagan 2: Preliminary construction was well advanced 
at the Manicouagan 2 site, located about 10 miles from the mouth 
of the Manicouagan River, Proposed development of the site 
involves the installation of ten 110,000-hp, units. Power is 


expected to be available from Manicouagan 2 before the end 
of 1965, 


Manicouagan 3: Plans for the development of the 
Manicouagan 3 site, 50 miles from the river's mouth, call for 
the installation of seven 150,000-hp, units. 


Outardes 58 and Outardes 45: Power studies of the Outardes 
River have established the feasibility of installing capacities of 
700,000 hp, and 740,000 hp, respectively at the Outardes 58 and 
Outardes 45 sites, so designated because of their distances from 
the confluence of the Outardes and St, Lawrence Rivers, 


SHAWINIGAN WATER AND POWER COMPANY 


Rapide des Coeurs, St. Maurice River: The Company has 
postponed indefinitely plans for construction of this plant, 
designed to house four 42,000-hp, units, with provision for a fifth 
unit. Initial operation had originally been scheduled for 1965, 


New Brunswick 


NEW BRUNSWICK ELECTRIC POWER COMMISSION 


1, 


Beechwood, Saint John River: The 55,000-hp, unit installed in 
April brings the plant to its full designed capacity of 145,000 hp. 
in three units, 


Milltown, St. Croix River: A 468-hp, unit went into service in 
May, raising the plant capacity to 4,208 hp, in five units, 


Mactaquac, Saint John River: Preliminary engineering studies 
were continued for the development of up to 600,000 hp, at this 
site on the Saint John River, fifteen miles upstream from 
Fredericton, 


al 


Nova Scotia 


NOVA SCOTIA POWER COMMISSION 


Consideration is being given to the construction of two develop- 
ments, one at Riverdale on the Sissiboo River and the other at 
Wreck Cove on Wreck Cove Brook, Plans for Riverdale call for 
installation of a single 8,000-hp, unit, while estimates for the 
Wreck Cove plant indicate a possible ultimate capacity of 90,000 hp, 
There is as yet no indication of when construction of either 
development will commence, 


NOVA SCOTIA LIGHT AND POWER COMPANY LIMITED 


1, Lequille, Allain (Lequille) River: Preliminary construction was 
carried out at this site in 1959, The need for power from this 
7,500-hp, development was rendered less urgent, however, by 
interconnection of power systems in Nova Scotia and New 
Brunswick, and completion of the project is not likely to take 
place before 1970, 


2, Nictaux, Alpena River: The Company is considering the 
installation of a single 6,500-hp, unit at this site, but this unit 
is not expected to be installed before 1968, 


Newfoundland 


TWIN FALLS POWER CORPORATION LIMITED 


Twin Falls, Unknown River: Two 60,000-hp, units were brought 
into service in June 1962 and two more identical units are 
scheduled to be added in late 1963, Ultimate development of the 
site is expected to be 300,000 hp, in five units, 


NEWFOUNDLAND LIGHT AND POWER COMPANY LIMITED 


Sandy Brook: Development of a site about eight miles west of the 
town of Grand Falls was begun in 1962, Initial installation at the 
site will be a single 8,000-hp, unit, scheduled to commence 
operating in late 1963, 
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SOUTHERN NEWFOUNDLAND POWER AND DEVELOPMENT LIMITED 


Head Bay d'Espoir, Salmon River: The Company is planning to 
construct a development which is expected to consist initially of 
77,000 hp, in two units and ultimately of up to 350,000 hp, How- 
ever, a date for the start of construction has not yet been scheduled. 


BOWATER POWER COMPANY LIMITED 


Hinds Brook: The Company proposes to install a 54,000-hp, 
development, Construction of the project has not yet been 
scheduled, 


Northwest Territories 


NORTHERN CANADA POWER COMMISSION 


Taltson River: Investigation of a site about 35 miles northeast of 
Fort Smith was carried out during the summer of 1962, On the 
basis of this investigation, the Commission considers that an 
initial installation of 25,000 hp, is feasible at this site, 


COAL EQUIVALENT OF DEVELOPED WATER POWER 


At present, large amounts of electric energy are generated by 
thermal plants, most of which are fuelled by coal, For the purpose of 
illustrating the importance of hydro-electric energy to the nation's 
power economy, it may be helpful to express the total hydro-electric 
energy generated in Canada in 1962 in terms of the amount of coal that 
would have been necessary to produce the same amount of energy in 
steam plants, 


The total amount of electric energy generated from water power 
in Canada during 1962 was approximately 110,000 million kilowatt-hours. 
Assuming that one pound of coal rated at 12,000 B.T.U. per pound is 
required to produce one kilowatt-hour of electricity by thermal-electric 
generation, the total 1962 water power output would be equivalent to the 
burning of 55 million tons of coal. This theoretical quantity would be 
in addition to the estimated total of 23,800,000 tons of coal of all types 
actually consumed in 1962, 
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UTILIZATION OF INSTALLED WATER POWER CAPACITY 


For the purpose of illustrating the general manner in which 
developed water power in Canada is used, Table II lists the water power 
capacity installed in the provinces and territories under the two divisions 
"Utilities" and "Industries", 


FABRE! 
DISTRIBUTION OF INSTALLED WATER POWER CAPACITY 


at 31 December 1962 


Province Turbine Installation - hp, 


or 
() (4) 


British Columbia 1,920,945 1,780,381 3,701,326 


Alberta 413,390 1,065 414,455 
Saskatchewan 125,500 16,635 142,135 
Manitoba 973,000 15,900 988,900 
Ontario 7,516,110 443,402 7,959,512 
Québec 9,159,678 3,057,167 12,816,845 
New Brunswick 283,408 26 ,318 309,726 
Nova Scotia 189,345 15,193 204,538 
Prince Edward Island 240 1,420 1,660 
Newfoundland 390,305 113,720 504,025 


Yukon and N.W.T. 40,740 19,700 60,440 


CANADA 21,012 66)1 6,090,901 242103 ,562 
Percentage of Total 
Installation 78 22 100 
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Utilities 


The classification "Utilities" in Column 2 of Table II, refers to 
companies, municipalities or individuals who sell most of the power they 
develop. In some instances it also includes certain subsidiary companies 
whose main purpose is to develop and sell power to a parent company for 
industrial purposes, The total of 21,012,661 hp. of installed capacity in 
hydro-electric plants operated by utilities represents 78 per cent of 
Canada's total installed capacity at 31 December 1962, 


Industries 


The classification 'Industries" in Column 3 of Table II refers to 
those companies or individuals who develop power mainly for their own 
use, While the figures indicate that industries have developed only 
22 per cent of Canada's total installed water power capacity, it should be 
emphasized that, in addition to the power generated in their own plants, 
industries purchase large amounts of power from utilities, For example, 
of the total of 34,994 million kilowatt-hours of electric energy made 
available in 1961 by the Hydro-Electric Power Commission of Ontario, 
almost half was purchased by industrial customers, either directly from 
the Commission or through municipal electric utilities or local systems, 


The pulp and paper industry in Canada is one of the world's great 
industrial enterprises and is one of the foremost users of hydro-electric 
energy in Canada, Total mill capacity for the production of newsprint 
paper is considerably greater than that of any other country in the world, 
and in terms of wood pulp production, Canada is second only to the 
United States. The fact that over 90 per cent of the manufactured news- 
print is exported gives some indication of the importance of the industry 
to Canada's export trade programme. 


The relationship between pulp and paper production and water 
power supply is an intimate one in that each contributes substantially to 
the other's expansion, The industry consumes nearly one-fifth of the 
total electric energy generated in Canada, By far the largest portion of 
the energy used is derived from water power, 


In the mineral industry, although only a few water power plants 
are used directly to serve mining operations, there are nevertheless 
large amounts of electric energy consumed, principally in the smelting 
and refining processes, More than one-fifth of the electric energy 
generated in Canada is consumed in the mineral industry, with about 
75 per cent of this amount used in the smelting and refining of metals, 
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High-speed newsprint machine at Powell River, British Columbia 


Although Canada has no known deposits of bauxite, the availability 
of low-cost hydro-electric power has fostered the establishment of an 
aluminum industry which produces one-quarter of the world's supply of 
this metal, Further evidence of the value of water power to mining 
operations is provided by the fact that Canada's asbestos industry, which 
produces approximately half of the total world supply of asbestos, obtains 
the major part of its power supply from hydro-electric sources, 


The incidence of large water power resources in those regions in 
which the more important mineral deposits have been found, has greatly 
facilitated mining development. Metal mining, a very important division 
of the Canadian mining industry, is carried on mainly in two physio- 
graphic regions, the Western Cordilleras and the Canadian Shield. 


The mountainous topography of the Western Cordilleras and the 
relatively high amounts of precipitation favour the development of water 
power, Many important metalliferous ores are found in the Canadian 
Shield, a Precambrian formation stretching from the Mackenzie River 
basin to the eastern tip of Labrador ina wide sweep around Hudson Bay. 
Due to the heavy glaciation of the region in recent geological times, the 
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river systems are comparatively young and are characterized by large 
numbers of lakes connected by short river sections with numerous rapids 
and falls suitable for development as hydro-electric power sites, 


INSTALLED WATER POWER CAPACITY IN RELATION 
TO POPULATION 


Based upon the latest statistics of population available, Tables III 
and IV indicate the relationship between installed water power capacity 


TABLE II! 


Installation 


Province Installed Estimated per thousand of 
or Capacity - hp, Population population 
Territory 1962 1962 hp. - 1962 


British Columbia 3,101,326 1,659,000 PAP Ho 
Alberta 414,455 1,370,000 303 
Saskatchewan 142,135 930,000 153 
Manitoba 988,900 935,000 1,058 
Ontario 7,959,512 6,342,000 1,255 
Québec 12,816,845 5,366,000 2,389 
New Brunswick 309,726 607,000 510 
Nova Scotia 204,538 746,000 274 
Prince Edward Island 1,660 106,000 16 
Newfoundland 504,025 470,000 1,072 
Yukon & N.W.T. 60,440 39,000 1,550 


27,103,562 18,570,000 


a7 


CANADA 


and population in Canada, Table III lists the estimated population of 

the provinces and territories in comparison with the installed capacity of 
water power developments. Table IV lists the provinces and territories 
in order of magnitude with respect to population, total water power 
installation, and per capita installation, 


The figures listed in the column headed "installation per thousand 
of population'' in Table III reflect in part the extent and character of the 
use of water power in the provinces and territories, In terms of installed 
water power capacity per thousand of population, Canada, with a national 
average of 1,460 hp., is second only to Norway, and in terms of total 
installed hydraulic turbine capacity, is surpassed only by the United 
States of America, 


TABLE IV 


Provinces and Territories in order of magnitude with respect to: 


Order Total Water Power 


Installation 


1962 


Per Capita 
Installation 
1962 


Population 


1962 


Québec Québec 


2 Ontario British Columbia 
3 British Columbia British Columbia Yukon and N.W.T, 
4 Alberta Manitoba Ontario 
5 Manitoba Newfoundland Newfoundland 
6 Saskatchewan Alberta Manitoba 
7 Nova Scotia New Brunswick New Brunswick 
8 New Brunswick Nova Scotia Alberta 
9 Newfoundland Saskatchewan Nova Scotia 
10 Prince Edward Island | Yukon and N.W.T. askatchewan 


Yukon and N.W.T. Prince Edward Island |Prince Edward Island 
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Water cascading over ''Giant's Steps'' in Paradise Valley, 
Banff National Park, Alberta 
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BULLETIN No. 2721—63 MARCH 1964 


DEPARTMENT OF NORTHERN AFFAIRS AND NATIONAL RESOURCES 
WATER RESOURCES BRANCH 


The following bulletins are issued annually by 
the Water Resources Branch: 


"Development of Electric Power in Canada" 
"Water Power Resources of Canada" 
"Principal Power Developments in Canada" 


Copies of these bulletins areavailable free of 
charge from the Director, Water Resources 
Branch, Department of Northern Affairs and 
National Resources, Ottawa 4, Canada. 


Photographs were provided through the courtesy of the 
following organizations; 


British Columbia Hydro and Power Authority 
Crown Zellerbach Canada Limited 

Manitoba Hydro 

The Hydro-Electric Power Commission of Ontario 
The Shawinigan Water and Power Company 

Twin Falls Power Corporation Limited 
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WATER POWER RESOURCES 


Oo F Cc AN A D A 


The Water Resources Branch of the Department of Northern 
Affairs and National Resources presents its annual review of Canada's 
water power resources and of their development to the end of 1963, 
Salient features such as the development of water power resources, 
distribution of resources in the provinces and territories, current 
progress in construction of generating stations, and industrial utilization 
of power are discussed briefly. 


One of the most important factors in Canada's economic develop- 
ment has been the availability of large quantities of low-cost electric 
power. Less than 50 years ago, the Canadian economy was based essen- 
tially upon the export of agricultural products and raw materials, most of 
the latter going to feed the manufacturing industries of other countries; 
today, the part played by industry in the nation's economy is one of vital 
importance, The transition to a more highly industrialized economy has 
been accompanied by a steady expansion in electric generating facilities, 
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principally of hydro-electric origin, The close relationship between 
electric power development and industrial expansion is particularly 
evident in southern Québec and Ontario, Although they lack indigenous 
coal, these regions are the most highly industrialized in the country, 
largely through the development and use of their abundant water power 
resources, 


At present, most of Canada's electric power demands are 
satisfied from hydro-electric sources, By the end of 1963, the country's 
total installed hydraulic capacity had grown to almost 28,200,000 hp.* Of 
this total, 1,090,000hp. of new capacity was placed in service during 1963. 
Within the next few years, a number of developments, planned or under 
construction, will add very substantially to the nation's total hydro 
capacity. 


The last few years have seen a marked trend towards the use of 
thermal facilities for generating electric power, This is due in part to 
the fact that most of the hydro-electric sites considered within economic 
transmission distance of demand centres had been developed and planners 
had been obliged to look elsewhere for sources of electric power to satisfy 
growing requirements, It is due also to increasing recognition of the 
benefits of integrating the operation of hydro and thermal plants, 
Advances in the techniques of extra-high-voltage transmission are, 
however, providing a renewed impetus to the development of a number 
of water power sites previously considered too remote, Recognizing the 
benefits inherent in the economic transmission of energy over long 
distances, the Government of Canada is co-operating with provincial 
authorities in carrying out studies aimed at making more effective use of 
Canada's water resources and solving the problems involved in 
establishing a national power grid, 


TOTAL AVAILABLE AND DEVELOPED WATER POWER 


Table I lists by province or territory the estimated total water 
power resources of Canada and the total existing capacity of all water 
power plants, determined from the records of the Water Resources 
Branch, Under agreement with provincial authorities, the Branch carries 
out hydrometric investigations on rivers throughout the country and 
maintains continuous streamflow records accumulated from many 
sources, Estimates of available power are revised as long-term stream- 
flow records and detailed information on potential power sites are 
obtained, Close liaison is maintained with the Dominion Bureau of 
Statistics in the collection of information on developed water power and 
power output. 


* The total thermal-electric capacityat the end of 1963 was slightly 
more than 6.2 million kilowatts. 


TABLE | 


AVAILABLE AND DEVELOPED WATER POWER IN CANADA 


at 31 December 1963 


Available Continuous Power 


Province at 80% Efficiency Installed 
— On x Turbine 
; t Ordinar t Ordinar i 
T . y y Capacit 
erritory Min, Flow 6-Month Flow rs : 
hp hp, 


(1) (4) 


British Columbia 18,200,000a,b| 19,400,000a,b 3,831,326 
Alberta 911,000 2,453,000 414,455 
Saskatchewan 552,000 1,131,000 326,135 
Manitoba 4,758,000 8,454,000 988,900 
Ontario 5,496,000 7,701,000 8,247,512 
Québec 12,557,000° 23,711,000¢ 13,176,845 
New Brunswick 123,000 334,000 309,726 
Nova Scotia 30,500 177,000 204,538 
Prince Edward Island 500 | 3,000 1,660 
Newfoundland 1,608,000 3,264,000 632,025 
Yukon Territory 5,859,000 5,866,000 38,190 


Northwest Territories 1,367,000 1,791,000 22,250 


CANADA 51,462,000 74,285,000 28,193,562 


a - These figures reflect the effect of possible streamflow regulation 
based on known storage potentials, 


b - These figures undoubtedly will be revised substantially upon comple - 
tion of a review of water power resources now being carried out by 
the Water Resources Branch and the British Columbia Water Rights 
Branch, 


c - These figures undoubtedly will be revised substantially upon comple- 
tion of a review of water power resources now being carried out by 
the Québec Department of Natural Resources, 
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Available Water Power 


Column 2 of Table I lists the estimated continuous power ordi- 
narily available during periods of low discharge under existing conditions 
of river flow. These estimates are based upon the "Ordinary Minimum 
Flow'', which is the average of the mean flows for the two lowest periods 
of seven consecutive days in each year covered by the period of record, 


Column 3 lists the estimated dependable maximum power based 
on the "Ordinary Six-Month Flow'', which is the dependable streamflow 
usually available for atleast six months in the year under existing flow 
conditions, 


On rivers for which there are no discharge records, estimates of 
flow are made from available information relating to runoff in the same 
general area, 


The hydraulic head used in calculating available power is based 
upon the actual drop, or feasible concentration of head, which has been 
measured, or at least carefully estimated, at existing falls, rapids and 
known power sites, No consideration has been given to possible economic 
concentrations of head on rivers and streams of gradual gradient, except 
at those locations where the available head has been definitely established 
by field investigations, 


It should be emphasized that the figures of available power in 
Columns 2 and 3 represent only the minimum water power possibilities 
of Canada, Many unrecorded power sites exist on rivers and streams 
throughout the country, particularly in the less explored northerly 
districts, As power surveys are extended, detailed information on new 
sites will become available, and undoubtedly, substantial additions to 
present figures of available power will result, With the exception of 
British Columbia and the Yukon Territory, estimates of available power 
are based upon existing river flows and do not take into account the 
benefits of streamflow regulation that would result from the development 
of storage potential. In addition, it should be pointed out that the figures 
of available power do not include the power potential of major river 
diversions that have been investigated but not developed, For example, 
the potential of the Chilko River itself has been included in the total for 
British Columbia, but the potential of the Chilko-Homathko River 
diversion, quoted in some publications as 1,000,000 hp., is not included. 
Several other major diversion possibilities exist, particularly in British 
Columbia, where topographical conditions make rearrangements of flow 
possible, 


Developed Water Power 


The figures of installed turbine capacity, listed in Column 4 of 
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Intakes for three 48-foot diameter diversion tunnels at the 
Portage Mountain development on the Peace River 
in British Columbia 


BRITISH COLUMBIA, traversed by three distinct mountain ranges 
and with, generally speaking, a high rate of precipitation, has many 
mountain rivers offering abundant opportunity for the development of 
hydro-electric power, In terms of recorded available water power 
resources, the province ranks second in Canada, and is exceeded only by 
Québec and Ontario in the amount of capacity installed. 


Notable for the magnitude of their power potential are such rivers 
as the Columbia, Fraser, Peace and Stikine. Up to the present time, 
however, hydro-electric developments on smaller rivers in the southern 
part of the province have been called upon to supply the major load 


/ requirements of British Columbia, “The-immense-power.resources of 


thelarger-rivers have gone unused, largely due to considerations 
associated with international agreement on development, conflicts of 
interest between fisheries and. power development, or because of 
comparative remoteness from present demand areas, 


The foremost producer and distributor of electric power in British 
Columbia is the provincially-owned British Columbia Hydro and Power 


Author ity with-e-totatimstatted-hydro-eteetrie—capacity-ofsome-l,+-milion. 
horsepower, a 


In ALBERTA, the principal hydro-electric developments are 
located on the Bow River and its tributaries, and from these develop- 
ments, Calgary Power Ltd, serves most of the southern part of the 
province, Substantial water power resources are located in northern 
regions of the province, but these are somewhat remote from present 
centres of population, Alberta's abundant reserves of coal, oil and 
natural gas are used to fuel the thermal-electric plants which supply a 
Targe part of the province's electric power requirements, 


In SASKATCHEWAN, large water power resources exist in the 
central and northern parts of the province, principally on the Churchill, 
Fond du Lac, and Saskatchewan Rivers. In 1963, power from the first 
development on the Saskatchewan River was fed into the transmission 
network of the provincially-owned Saskatchewan Power Corporation, 
which serves the more settled areas of the province, These areas had 
previously been served by thermal-electric plants fuelled by coal, oil or 
natural gas, while hydro-electric power generated in the province had 
been used almost exclusively for mining purposes in northern areas, 

\ 


Of the three Prairie Provinces, MANITOBA, with immense hydro- 
electric capabilities on the Winnipeg, Churchill, Nelson and Saskatchewan 
Rivers, is the most generously endowed with water power resources, 
Until recently, hydro-electric generating stations on the Winnipeg River 
supplied most of the electric power requirements in southern Manitoba, 
With the advent of high-voltage, long-distance transmission, however, 
it may be expected that ever-increasing amounts of power from hydro- 
electric stations on northern rivers will be carried south to help meet 


the province's constantly growing power demands, 


ONTARIO, although favoured with water power resources, has 
developed the greater part of its recorded available power, The Hydro- 
Electric Power Commission of Ontario, the largest power-producing and 
distributing organization in Canada, operates sixty-seven hydro-electric 
generating stations with a combined installed capacity of approximately 
7.3 million horsepower, The Commission's largest water power 
development is located on the Niagara River at Queenston, where the 
Sir Adam Beck - Niagara Generating Stations Nos, 1 and 2, and the 
associated pumping-generating station have a combined capacity of 
2,521,000 hp, In addition to the power generated in its own plants, the 
Commission purchases large amounts of electric power generated outside 
the province, chiefly in Québec, 


QUEBEC is richest of all the provinces in water power resources, 
possessing more than 30 per cent of the total recorded for Canada, 
Québec also leads in developed water power - its present installation of 
almost 13,200,000 hp, representing about 47 per cent of the national total. 
The largest single hydro-electric installation in Canada is the Québec 
Hydro-Electric Commission's 2,145,000-hp, Beauharnois development 
on the St, Lawrence River, Also notable are the Commission's BersimisI 
development on the Bersimis River with an installed capacity of 
1,200,000 hp., and the Aluminum Company of Canada Limited's 1,200,000-hp. 
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Shipshaw plant on the Saguenay River, A major power scheme which will 
represent a significant advance in the development of Québec hydro- 
electric resources is now under construction, This scheme, involving 

the harnessing of the headwaters of the Manicouagan and Outardes Rivers, 
will permit the eventual installation of some 7,325,000 hp. of new 

capacity at developments on the two rivers, 


Power production in the province is facilitated by the regulation 
of streamflow by the Québec Department of Natural Resources through 
the storage dams which it owns and operates, 


In 1963, the Government of Québec, through the Québec Hydro- 
Electric Commission, purchased the assets of the major private power - 
producing companies in Québec, 


The water power resources of NEW BRUNSWICK and NOVA 
SCOTIA, although small in comparison with those of other provinces, are 
a valuable source of energy and are being well utilized. Numerous rivers 
in both provinces provide moderate-sized power sites either within 
economic transmission distance of the principal cities and towns or 
advantageously situated for use in development of the timber and mineral 
resources, These provinces also are favoured with abundant indigenous 
coal supplies, In PRINCE EDWARD ISLAND, there are no large streams 
and consequently water power plants are limited in size to those used for 
small mills, 


The water power resources of NEWFOUNDLAND, determined on 
the basis of limited streamflow data, are estimated to be of considerable 
magnitude, On the island, although the length of the rivers is generally 
not great, topography and runoff are favourable for hydro-electric power 
development, Of the substantial capacity installed, a very large portion 
serves the pulp and paper industry. In Labrador, the Hamilton River and 
its tributaries, for the most part undeveloped, constitute one of the 
largest sources of water power in Canada, 


The YUKON TERRITORY and NORTHWEST TERRITORIES, which 
together comprise Canada's northland, possess extensive water power 
resources, Power from present developments is used almost exclusively 
to satisfy the needs of local mines and adjacent settlements. Due to the 
lack of developed native fuel sources and to transportation difficulties, 
water power is of special importance in the development of mining areas 
such as Yellowknife in the Northwest Territories and Mayo in the Yukon 
Territory, In 1948, to encourage the development of the resources of 
northern Canada, the Federal Government established what is now the 
Northern Canada Power Commission, to be responsible for the 
construction and management of public utility plants, The Deputy 
Minister of Northern Affairs and National Resources is Chairman of the 
Commission and the Director of the Water Resources Branch is a 
Member, 


In the YUKON TERRITORY, most of the resources are located on 
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the Yukon River and its tributaries, The possibility exists of diverting 
the headwaters of the Yukon River through the Coast Mountains to utilize 
a high head near tide-water in northern British Columbia. Sucha 
development, however, would affect adversely the potential of sites on 
the main river, 


Resources in the NORTHWEST TERRITORIES have not been 
surveyed to the same extent as those in the Yukon Territory, but they are 
nevertheless known to be of considerable magnitude, Extensive water 
power resources exist on rivers flowing into Great Slave Lake, Of major 
significance is the hydro-electric potential of the South Nahanni River, 
which drains to the Mackenzie River via the Liard River, On the basis 
of preliminary investigations, it is estimated that, with total regulation 
and complete use of the head susceptible of development, the hydro- 
electric potential of the South Nahanni River would total at least one 
million continuous horsepower, Indications are that the rivers draining 
the District of Keewatin, north of Manitoba, also will contribute materially 
to the total power potential of the Northwest Territories, 


DEVELOPMENT OF WATER POWER RESOURCES 


Water power development in Canada has undergone remarkable 
and sustained growth since the beginning of the century, The diagram on 
page 15 illustrates this growth in terms of the expansion in installed 
turbine capacity for the period 1900 to 1963, 


Historical. Summary 


From a modest 177,323 hp, installed at the end of 1900, Canada's 
total turbine capacity has grown to 28,193,562 hp, at the end of 1963, 


Over the years, the rate of growth in the total water power 
capacity in Canada has tended to accelerate, The average annual 
increase from 1900 to 1905 was 56,000 hp, From 1906 to 1922, the rate 
increased sharply to about 150,000 hp, annually, due largely to improve -’ 
ments in electric power transmission and to the increasing emphasis on 
large hydro-electric stations, Asa result of the heavier demand for 
electricity during the prosperous 1920's the rate of installation increased 
appreciably in 1923 and continued at a fairly uniform rate of 377,000 hp, 
per year until 1935, 

As a large-scale hydro-electric project requires a long construc- 
tion period, completion of the project tends to lag behind the electric, 
power demand which responds quickly to general economic conditions, 
The fall in power demand during the early 1930's is an illustration of 
this tendency - projects under way were completed but the economic 
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depression resulted in a low rate of installation during the period 
1936-1939, The great. demand for power for war purposes accounts for 
the high average rate of increase of 481,000 hp, per year during the 
period 1940-1943, Few new developments were initiated in the latter 
years of the war or in the immediate post-war period, so that, from 1944 
to 1947, only a small amount of new capacity came into operation, Soon 
after the war, however, the programme of construction of hydro-electric 
plants gained momentum, and the results are apparent in an average 
annual rate of installation exceeding 1,200,000 hp. during the period 1948 
to 1960, In sharp contrast are the comparatively moderate net totals 

of 294,650 hp. and 415,468 hp, of new capacity put into service in 1961 
and 1962 respectively. The previous high rate of installation was 
resumed in 1963, however, when a total of 1,090,000 hp. of new capacity 
was brought into service, 


Progress During 1963 


Canada's total hydro-electric turbine capacity rose by 1,090,000 hp, 
in 1963, with an accompanying rise of 784,550 kw, of hydro-electric 
generating capacity, This large increase marked a return to the high 
rate of installation set in the post-war years, reversing the slow-down in 
completions recorded for 1961 and 1962, The high rate is expected to 
continue with the planned installation, in 1964, of some 900,000 hp, of 
turbine capacity, and 650,000 kw. of generating capacity, and with the 
proposed installation of almost 12 million additional horsepower within 
a few ensuing years. é 


The following summary lists the hydro-electric developments 
completed or under construction during 1963, or proposed for construc- 
tion within the next few years, A detailed review of new and prospective 
water power development is presented in Water Resources Branch 
Bulletin No, 2720-63 ''Development of Electric Power in Canada - 
Progress Report 1963", issued in January 1964, 


Bntish Columbia 


CONSOLIDATED MINING AND SMELTING COMPANY OF CANADA LTD, 


Waneta, Pend d'Oreille River: Installation of the third generating 
unit was completed in May, bringing the total turbine capacity of 
this station to 370,000 hp, and the total generator capacity to 
216,000 kw, 
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BRITISH COLUMBIA HYDRO AND POWER AUTHORITY 


1, 


Portage Mountain, Peace River: During the year, the main river 
flow was diverted through three 48-foot diameter tunnels, thereby 
allowing a start on the main dam, First power will become 
available in 1968 and the total capacity, estimated at 3,000,000 hp, 
for turbines and 2,300,000 kw, for generators, will be in use 

by 1979, rn 


Columbia River: Negotiations aimed at clarifying and adjusting 
arrangements proposed earlier with regard to the Columbia River 
Treaty were carried on between Canada and the United States 
during 1963, The-.Treaty, signed in 1961, provides that Canada 
would receive one-half of the power benefits accruing in the 
United States from the regulation of 15,5 million acre-feet of 
water stored in Canada behind the proposed Duncan Lake, High 
Arrow and Mica Dams on the Columbia River,. In addition, 
Canada would receive one-half the value of the estimated flood 
damage prevented in the United States through operation of the 
proposed dams for flood control, Canada has hot yet ratified the 
a Peaty. 


WEST KOOTENAY POWER AND LIGHT COMPANY LIMITED 


CITY OF REVELSTOKE 


Lower Bonnington, Kootenay River: The Company is replacing the 
wood crib dam at this development with a concrete structure, 
making provision at the same time for future installation of a 
25,000-hp., 19,000-kw, unit, Work on the new dam will be ~ 
completed by April 1964, 


Cranberry Creek: The City has begun construction of a storage 
dam on the headwaters of Cranberry Creek, While the City's 
present 5,800-hp, plant downstream will benefit from the addi- 
tional storage, the increase in storage will be particularly signi- 
ficant should the City decide to increase the installed. capacity of 
the plant, 


Alberta 


CALGARY POWER LTD. 


Big Bend, Brazeau River: The storage dam was completed and 
construction of the powerhouse was continued, Water from the 


did. 


reservoir will be carried by a 12-mile long canal to the power 
plant at which a single 210,000-hp., 150,000-kw, unit is expected 
to be brought into service late in 1964, Installation of other large 
units will necessitate increasing the height of the storage dam 
above the level to which it is now built. 


At the reservoir outlet, an 11,000-hp. pump-turbine unit with 
a generator rating of 9,720 kw, is being installed, Under 
operating conditions, when the reservoir level is higher than the 
canal elevation, the unit will function as a generator; when the 
water surface in the reservoir is lower than that in the canal, 
the unit will be used as a pump to raise water to the canal, 


Saskatchewan 


SASKATCHEWAN POWER CORPORATION 


1, Squaw Rapids, Saskatchewan River: First power from this site 
became available in 1963, Four units consisting of 46,000-hp. 
turbines and 33,500-kw, generators were in operation by year's 
end, with two other similar units scheduled for completion in 
mid-1964, There is provision in the powerhouse for a total of 
eight units. 


2, Coteau Creek, South Saskatchewan River: Closure of the dam at 
this site is scheduled for February 1964, The dam and reservoir 
are being built by the Prairie Farm Rehabilitation Administration 
for irrigation purposes, but three 84,000-hp., 62,200-kw, hydro- 
electric units are being installed by the Saskatchewan Power 
Corporation as part of the development, Operation of the first 
two units is scheduled for 1967, and the last for 1969. 


Manitoba 


MANITOBA HYDRO 


Grand Rapids, Saskatchewan River: Construction of this develop- 
ment is proceeding on schedule, Initial installation will consist ~ 
of three 150,000-hp., 110,000-kw, units, two of which are scheduled 
to go into service late in 1964 and the third late in 1965, Provi- 
sion is being made for a fourth unit, 
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GREAT LAKES POWER COMPANY LIMITED 


Hogg, Montreal River: Construction of a single-unit, 21,750-hp., 
15,000-kw, plant got under way in 1963, with initial operation 
scheduled for December 1964, 


Québec 


QUEBEC HYDRO-ELECTRIC COMMISSION 


1, 


Carillon, Ottawa River: Six more units were installed at the site 
in 1963, raising turbine capacity to 600,000 hp, and generating 
capacity to 450,000 kw. in ten units, Ultimate turbine capacity 
of 840,000 hp, with 630,000 kw. of generating capacity will be 
reached in 1964, 


Rapid II, Ottawa River: Construction commenced on the extension 
of this plant, By July 1964, the fourth and final unit will be in 
operation, raising the plant's turbine capacity to 64,000 hp. with 

a generating capacity of 48,000 kw, 


Manicouagan and Outardes Rivers: Considerable progress was 
made on construction of a multi-development project designed to 
realize some 5.1 million horsepower (3.9 million kilowatts) at 
five sites on the Manicouagan River and approximately 2.2 million 
horsepower (1,8 million kilowatts) at three sites on the Outardes 
River, 


Manicouagan 5: At this site, located just below the outlet of 
Manicouagan Lake, construction progressed on schedule for the 
development of eight units with total turbine capacity of 
1,800,000 hp, and generator capacity of 1,344,000 kw, First 
power is expected to be realized in 1968, with 1971 set as the 
completion date for the entire plant, 


Manicouagan 2: This plant, located only 11 miles from the 
river's mouth, will be the first of the new plants to supply power. 
In July 1965, the first of eight 170,000-hp., 140,000-kw, units 
will be in operation, The entire turbine capacity or 1,360,000 hp., 
with 1,120,000 kw. of generating capacity, is expected to be in 
service by 1967, 


Manicouagan 3: Plans for the development of this site, 
50 miles from the River's mouth, call for the installation of 
seven 210,000-hp., 160,000-kw, units, 


McCormick: This development, owned by the Manicouagan Power 
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Company, has an existing total turbine capacity of 292,400 hp. 

and a generating capacity of 191,250 kw. in five units, Québec 
Hydro has commissioned the Company to bring the plant to full 
capacity by the addition of two more units totalling 150,000 hp. 
(104,000 kw.). 


Manicouagan 1: This plant, proposed for development by 
Québec Hydro, would utilize the same headpond as the McCormick 
Station, Preliminary surveys for this new plant have begun, and 
tentative plans call for four units with a total turbine capacity 
of 300,000 hp, and a total generating capacity of 208,000 kw, 


Outardes 58 and Outardes 45: Preliminary studies are 
nearing completion at the former and are well under way at the 
latter for development of 800,000 hp. (600,000 kw.) and 
1,040,000 hp, (880,000 kw.) respectively. 


Outardes Falls: This development, owned by the Québec 
North Shore Paper Company, has an existing capacity of 70,600hp, 
(50,000 kw.) intwo units, As a result of benefits which will 
accrue from upstream storage, three additional units, each with 
a turbine rating of 135,000 hp, and a generator rating of 
104,000 kw., are proposed for installation at this site, 


a 


New Brunswick 


NEW BRUNSWICK ELECTRIC POWER COMMISSION 


Mactaquac, Saint John River: Construction is expected to start 
in 1965 for the development of 504,000 kw, in six units, The 
schedule calls for the first unit to come on line early in 1968, 


MAINE AND NEW BRUNSWICK ELECTRIC POWER COMPANY LTD. 


Tinker Falls, Aroostook River: Construction was begun in 1963 
for the extension of this plant. When completed early in 1965, 
the plant capacity will have increased to 47,000 hp, (34,640 kw.) 
from the present capacity of 14,000 hp, (10,040 kw.),. 
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Nova Scotia 


NOVA SCOTIA POWER COMMISSION 


Consideration is being given to the construction of two develop- 
ments, one at Riverdale on the Sissiboo River and the other at 
Wreck Cove on Wreck Cove Brook, Plans for Riverdale call for 
installation of a single 8,000-hp. unit, while estimates for the 
Wreck Cove plant indicate a possible ultimate capacity of 
90,000 hp. There is as yet no indication of when construction of 
either development will commence, 


NOVA SCOTIA LIGHT AND POWER COMPANY LIMITED 


1, Lequille, Allain (Lequille) River: Preliminary construction was 
carried out at this site in 1959. The need for power from this 
7,900-hp, development was rendered less urgent, however, by 
interconnection of power systems in Nova Scotia and New 
Brunswick, and the project is not likely. to be completed before 
1970; : 9 


2. Nictaux, Alpena River: The Company is considering the 
installation of a single 6,500-hp, unit at this site, but this unit 
is not expected to be installed before 1968, 


Newfoundland 


+ 


TWIN FALLS POWER CORPORATION LIMITED 


Twin Falls, Unknown River: The second stage of development at 
this site was completed in 1963 with the installation of the third 
and fourth units, This development, located in Labrador, now has 
a total turbine capacity of 240,000 hp. and a generator capacity of 
187,200 kw. é; 


~ NEWFOUNDLAND LIGHT AND POWER COMPANY LIMITED 
Sandy Brook: Construction at this site on the island portion of 


the province was completed in 1963, The plant consists of an ; 
8,000-hp. turbine driving a 5,950-kw, generator. ; 
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Spring flood-waters rush through the sluices at the Twin Falls 
hydro-electric development on the Unknown River in Labrador 


NEWFOUNDLAND POWER COMMISSION 


Head Bay d'Espoir, Salmon River: The Commission is planning to 
construct a development which is expected to consist of up to 


350,000 hp. Construction is expected to begin in 1964, with 
initial power available in 1967, 


Northwest Territories 


NORTHERN CANADA POWER COMMISSION 


Twin Gorges, Taltson River: Investigations are complete and 
construction of a 25,000-hp., 18,000-kw, hydro-electric plant is 
scheduled to begin early in 1964 at this site. Power from the new 
plant is expected to be available by December 1965, 
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COAL EQUIVALENT OF DEVELOPED WATER POWER 


At present, large amounts of electric energy are generated by 
thermal plants, most of which are fuelled by coal, For the purpose of 
illustrating the importance of hydro-electric energy to the nation's 
power economy, it may be helpful to express the total hydro-electric 
energy generated in Canada in 1963 in terms of the amount of coal that 
would have been necessary to produce the same amount of energy in 
steam plants. 


The total amount of electric energy generated from water power 
in Canada during 1963 was approximately 116,000 million kilowatt-hours, 
Assuming that one pound of bituminous coal rated at 12,000 B.T.U. per 
pound is required to produce one kilowatt-hour of electricity by thermal- 
electric generation, the total 1963 water power output would be equivalent 
to the burning of 58 million tons of such coal, This theoretical quantity 
would be in addition to the estimated total of 23,500,000 tons of coal of all 
types actually consumed in 1963, 


UTILISATION OF INSTALLED WATER POWER CAPACITY 


Table II lists the water power capacity in the provinces and 
territories under the two divisions "Utilities" and "Industries" and 
indicates the relationship between installed water power capacity and 
population in Canada, 


Utilities 


The classification ''Utilities' in Column 2 of Table II, refers to 
companies, municipalities or individuals who sell most of the power they 
develop. Insome instances it also includes certain subsidiary companies 
whose main purpose is to develop and sell power to a parent company for 
industrial purposes, The total of 21,972,661 hp, of installed capacity in 
hydro-electric plants operated by utilities represents 78 per cent of 
Canada's total installed capacity at 31 December 1963, 
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Industrie 


The classification 'Industries'" in Column 3 of Table II refers to 
those companies or individuals who develop power mainly for their own 
use, While the figures indicate that industries have developed only 
22 per cent of Canada's total installed water power capacity, it should be 
emphasized that, in addition to the power generated in their own plants, 
industries purchase large amounts of power from utilities, For example, 
of the total of 39,884 million kilowatt-hours of electric energy made 
available in 1962 by the Hydro-Electric Power Commission of Ontario, 
almost half was purchased by industrial customers, either directly from 
the Commission or through municipal electric utilities or local systems. 


The pulp and paper industry in Canada is one of the world's great 
industrial enterprises and is one of the foremost users of hydro-electric 
energy in Canada, Total mill capacity for the production of newsprint 
paper is considerably greater than that of any other country in the world, 


Pulp and paper development with associated power plant 
at Ocean Falls in British Columbia 
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INSTALLED WATER POWER CAPACITY IN RELATION 
TO POPULATION 


The figures listed in the column headed "installation per thousand 
of population" in Table II reflect in part the extent and character of the 
use of water power in the provinces and territories, In terms of installed 
water power capacity per thousand of population, Canada with an average 
of 1,490 hp, at the end of 1963, is second only to Norway, the figure for 
the latter being approximately double that for Canada, 


On the basis of world statistics for 1962, Canada's total installed 
water power capacity, about half that of the United States, ranked second 
amongst the countries of the world, For 1963, however, there are 
indications that Canada will fall to third place, behind the United States 
and the Union of Soviet Socialist Republics, 
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